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»1426 sJjl 






: JLftJJ t 4-L?C-l^3 J 4JT (jyiC-J JlA^ta itfJUU ( _ T U V (j^J (jyic .»}L<Jl]lj a\I , ^. 1 1 J <<>J^J «UJ Jl*-><J I 

jlc fljJiLSjl AJJJlU 4-lllafrJI jJll^^xJI Jj-&tl! j'lgtl t_xJjJil!lj jlftJI A^lCtl] 4_aL*J1 A-iu-mjll jJt-mJ 

diL^vjUi! 4_a-_jjj aLcH&VI IJlA C7^^ iJ^JtJI (J>" '^r Sj^jliil Ajigtlj 4jl^tlj 4_j_L22!l ca-iLla^JI JJi-ii 
0-Sjlj^J j-le, Lpli ^-^ J aL^a Ixi (jJaj -^W^! > >t - 1 ^j^T" ^r ' ■ ' ' """' Cr 1 -" <j-^V '•^ «-iLJ9 (jjJ £ys 2 JuJ_<_a]l 
(Jjju JirVit ^gj-g-LLlI aJlSIII 4_Lsi£. x^^ I§_ LaJu2 jIj.cTu.uVI i^>-\ jj<s (jLuVlj *dL*JL tJLxJLI «bLui isjJ2 (jr^-J 

OjJlSIlII 4_t!jjJI <_jjL*I]I x_<j JjijJ 4_uL>,j1 jjjt^ w^kLill jj^Lijj ^-L^-i^alJ 4_aL*JI Sjl-SVl ("iUi-^ Ju2j 
4ji ls3_ls3j>ij 4 *g I ^— . i Jj^aJI (JiJ-" ' .'^ ' A cr^ 3 ^* 4 -^^ l> " 4 -^- c ^ c - S- 1 ^ *-*-"' <3^J ' Si-^J^ 1 -^' PJ-^'J-r' * . ^r 
SJ_j£=jJ1 JIUj i_£Jl!1 i-jiiajjl 4_1i4.ll j_uL*11 Jilj__l pjj___xj _L 2jJ__>JI tfJLA cJ-Uj J_3j i43LJL__la (_-;-!! 
_5j--i (J--CJ 4Lj______i_i (jl_>J Jj^-i ifuj (jyic L^-L-4> ^rJ^-*->' J-Cl-3 il (4_ujjJi_J| ~_^s1j_J1 ^.Lb _L 4_l_uL_u_ , I 

_^JJI C7 1<_*-1 «^ljJI x_o 4_uJl«JI 4jjjJI ,3_»lj__ -i.^po jigil t__jjjL_Jlj __i__l ^_;Jl»_J_ 4_aL«JI 4__ CL _ u jilj J__»JI 

j__=I (__uj_u ^-aLJj-J 4jLal _=__La 3jJ__u 4j_g_JI _L (jLtUI tfjui rjjej] <(j\aaJI (Jj-" 1 <— iLtiialLa 4jJsj^2J 

tllWI J 2j^vVI «LJl_L^3 ^_<sLjj_l ^jjli <J1jLl<jiLji^?I 4_<ijJ 4_LjjjjLi!1 4 MJ?-»JI ^Jl& (JjLuJJ 

IJlJ 4_aj^UI <JliljL^JLI (_j| mll^al 4jAj^-, JjLTu Aji^p. d)Lg.j.iJjj^a jjj.ll CjJjJlI!! j^^lj 1 4_LjHj=xil 

( JljlSjlUJI jjO ji->o lLs "';" <_jjJLjiLj (4_aj^L!l 4jjj)j_xiaJI <J1jIjL^JLI (J-u^aG ^_ j.j!uLl<3 J'^— • iuj p j 1 ■ ■" (jl (J^-J 
.<J1jIjL^JLI ^jui <— il mli^al 4_JLa£. ahJij jjJI (JL=xji^?lj <— il Ltjlalllj 4JUlLjiVLj 

£_4>Lil1 ^jjlajj ^j<ii^i"1 4_aL«JI Sjl _iV! 






(j^3 LjJLcul <— i LLt-t-u (j^JJ I ; i u-fl 1 1 jjj_ilu (j_a «UJL> ij-*-iJ 4_jJ| <_jjIuj Oj a «**' i ■■ 'j 4-LlCh.ujj ^>Jlaj>o «UJ Jla^kJI 
aL-uj «bUt^aIj <UI (jyicj JiA^ta l _ ? ic. «UJI ^^yi^aj I JiJuj_a LjJj 4J Ju>«j (jib J 1 1 <sj (j-aj ^Jil^JLI ^42 «UJI i^Jl^j 

. Jlsu La I \j ~'^—> L»-tL-uJ 
2j^jv^?lj 4 j Ti^-ill tljV^I 4JLl^3 (JLsta '£- (J-«-*J (j-a J*^ t (jt jjiLjiIj l£5tP~ ^ m^"**JI J^i pjjJsj-a (jl 

Jj^-— • ^ ' (_jjJI 3 J - '"^~ I 1 I <JllWI J Bj^JV 2I 4-JL-LI^3 4_L$_<5 dsLjj-uL-uI 4_J_l!Lc. (jyic (J-aTnTuJ L$jl <LaJ.IL>JI 4_Lq-Aj Jt-J-tJJ 

l_LL»-a IjL^v J I l-^*- 3 Lcjjisj-a ( _ > iSl_(J V 4 uri-xJI <jLa *.-iia]Lj L-xJjJilJI (JLsta '^- t-JjJuil L^jJI PT^!^ (j' 
I Jui ^_ <_ijjLla J^~ 1 1 (jl — 1 A *\ J^^i W^'j MjJ-i ^)j^~'" tiUjuj 4_JLaLiij 4_aLc )>_liJj I j^a 3 Jl*J (_)^j_*Iu LcjIj 

t^jyJb I 0^—1 4,.1- U . U J dll JjVJ Cj^Lj Jl 4 Mr7-»JI ffl 1 u 7> Sj (ji*> (r^Vlll 

. L^al JlJcTu-uI Jjj^aj (J^jLlSJI Bj^jvl j 4 j i g 1, 1 4_a}L<_a]l 

:Juil}]| sj^jJ! 

.^J^ZxJVI j-^LulJIj f UJ1I 

.PCB <^y ^j ^^^zxJVI 4-U;, ; :,fl 

^jj , ^.'^ 3JlC J I 4_s_ 1 _oILa 2JJVJ (J^ 3 u! *"~ ^} JV -< a '- c ' '^^ ^ .'J^^^ (JllLj^lita ^ji dll JlJvjJI tfjuij 
I§_ jj^/1 j_i=j? LjJ <jl-^= (j^J'j L#j C>(*"iiiiI JjJI *_>-1j_t1j L_xIli=xJI (jyiJj-l fljkttl JJJl!L) Ju-<il <jt (j^Jj^L Vj 

.2 ) a < -^ 1 1 fl jLAJ 4 uL^^iJ I 0ju& 5 4-4^ 

.*.LcjJI Lay )>_La.i-u 4J| ^Ltijj^ «UJI 4_l>iJ LI )«_ia^>JI (3^J^ U^ (JLtul «lL1Ij 




l&JXLLoJI "ipillq .c^ifil l p.clnlll nnlnll niiiiiiq q 1 1 

gfttm >JjJaJj fcuiAtt 2UU1I 3jta¥t 



■ 



C M J r oLl^j^I I 4_cuj>A 



;*> L$_rt I JlifcIu_U I (Jj^J (J-^Ll^M *>^*L9 4 J r^ 1 1 ic^LtjJI 



3. 

i 



1 






\4»\j£Lu\ ^jiaj j«U2il »J4f\i 2*411 20LJI 









■4-LI4JII 4_a}L-a]1 (_alju*? ♦ 

.iA J3 i\ 4. i*yLuJ\ j^uof ♦ 

;_,,^^,~,tl aj| otjtl .">! t** a I jLJe^ ml ■ t<-lj3 ♦ 
.AJ9J4JI J>Jl*J1 aIjlJc^L-uI 4- A-a^LmJI JlcIjI ♦ 

OJLiJIuUJI 
jjIjJIuL^I 

.(jJiLjilll ej-&>-\ t 






»u^ ♦ 
>u* ♦ 

juaL&IuLaJI 

.ciV^i ♦ 



\4»\j£Lu\ ^jiaj j«U2il »J4f\i 2*411 20LJI 









4_JjLj_£j=xJ1 4^'^"^— Nl j_^3l_L»JI > j^>"»-*^ (_ y l£. SjjLdll <_jjJuil <_jL 



:2lu«6Jlj^L*]lt^AJI 



all 4-Sj^LiJL, cil judlj »y4*V\ f I 



4Jt_Lt^aJ <— iLn-uL-u^l 4_<iujj A <gt 4_n.uLm^l dsljLgi.1 JjiiTit 4_aj^UI diljL^JLI (jyJi-C <U-lL>i1! £>J-& ^jIL>o 
tlllj^Ij CjIjJiVIj Sj^vVl AljieTLmlj . 4_jJ_j^=l!VI j_»^I_L«JI 4_JLa£. JllqJj (j-a .4 h'i^II CjV^Ij ej^vVl 
.4JLu^aJlj ^j^"*- All (^yic 2jJl2JIj . 4_jjj^lij=xJ V I * La-2Jl ' . <-t^sj3j tils 4_jjLc£. Ju-a D j .4_<aj}L!l (JjjLlSJI 

ZjIlaJI I§_ 4 M(?-»JI tfjui <_JjJlJJ 4j Tl^-lll CjV^Mj Sj^JV^I «LJL_L^3 C-uLiijV JyJ Jj^' CT-* ^.'■l^'*-^ tf j-A J.LL«Jg 

<^ 272^0-^^*1 

:^LuJ;jQI^U^I^«JV5S>UluSVt 

: (JT JLi!L^3 4icjj^3 4_ijjjJij 4 , ^.^ 272 2_. 4_ui>j| ^jui tijIjL^ (jyic l_<jjJl1!I *Cu 



s->tfllo-~ 


^Lji^ii 


eJL^yi 


68 


.(JjjLlaJI (jj^jvlj 4_ji^il 4_a^L<jiJI 


Jj*' 


136 


^^p^zxJVl j^LulJIj ^ ujji 


JLulill 


68 


.PCB4 


.jvjJ J-4=J ^Lug/i^tVl jj^jjjlj 4_^^"^|VI 3la-Lill 


ailil! 


272 


^Jlg.^^JLI 



\4»\j£Lu\ ^jiaj j«U2il »J4f\i 2*411 20LJI 









JjVluLlI 

■ A-tlg-U Lo^L-oJI ♦ 






■ 4_llg.U i/J^LcxJI ^jLw (*1>^I 

AjjJlJI JiJuJIj A-u^aicUl AjLJajJI CjI Jl*_<5 a I JjeTmiL JUaJL) A-ij^JI 4- 4-<»}Lui]t J>u3l 4-3j_JU3 • 



.^Vl c-mLJI 3L4*. £_* o^j^ 1 jU*- H 

.4JLL-U <— ll jlt~t"io Jl>-jjV 






(J!Uj ^'igtl ^LJa^JI (jy^-^JI ^jTn-u-a £-3jJ 3LiTalU 4_a^Lmj (jLlujVI l£j (J-«-*J (_yJI S-lajJI irtifl (jr^C. iiii L=»J, I 

: 3Lu£tl 2lOLJ! <-4J>*2 

JjjjlJI i_3j^ia (j^l 4^>,j|_Lj| (jlslj^oVI *_lsjj (j^ L<3 '-*-" 4_3^Llu (jji?-^ ^r t ^ J *-^ f*-^ 1 ^->-^-tl <sr ts>\\_j ^^LluJI 
. Ll^jj La=j r-LluVl jj^lsjj ^^Ll^a (J-aL=Lj (jj^-toj <LaL*JI Ajj-iTa-JI ^jJJjl (jyic lal asell 

. 4 j i g 1, 1 j^jlalj-a 2 Ij (J-<a-*-!l dsLL^alj <__olj^>J (j'VJ^J-' ^ (JlaaJI (J^>jJU *-l*J ^gj-iTa-iJ I j La3-I«j| AjL«jv _ 1 

.cj^I^»JI t_t.Li.uj pl_L__Jlj __J_JI _)_» Jj^jvij cjVTj ^Ij-o _j_j aj^L»JI r-LluVl _jLaj_L<5 ajI__>- _ -> 

.4_j^.L_iVl if.\ -___!! j-2jj o-_— ><j _ j 

(__!£. J___u eL— lLo _;! ^_ 4 j i g 1, 1 4Lse-Li aJlj 4_a^ijjiJLj l _y^[~>~ 5j_aljjj ^-Laj (j-a J.J V B^jljJI i_al Jui^l J^Lfl-Stllj 

•4-lj-i^-l £^i~'j LpJLc-. -sJlcj L^aj&jvj zLl-IU 4JjlJ_i _; JJI _;j>L____VI __L__JI 4aj-lU 

(Jjj-o _)lj jrjjigtl a^J__j 4__>_>JI t_xJjJ_JI _jVLj_4 <-&\ _>jO (JLaaJIj (J_iJl!I 4_a^L_jj <__)_5l_5_5-_tl _wa 4j_3jJ| _j| 

jL__i.L 4_aLj 4J2jj_aj aJlc (__!_. _j^___j jf __i_J1 (__!_. t__>o <_1! jj 4_l!Lc 4-Lu__Hj 4_LLg.U JL__^I _L _j^Ij_»JI 

_L *-2j ___JI _j^I^>JL_ (J-L-JI _L 4_^Laj _l_J 4___u _lC _j^I^>JI *_La _L 4-t]j___tl 4_jic *-2jj <Qi^-<3 
Ijl^— i jl Ljjj^>- J-*JlJI I Jl& (jL=3 ^!j-lu ajI.S jl t_jJ2J_<s j-a=-*J L^j^ ^LlsVI i^-SjJ Jl2 4_<ij^JI jl JaaJI (jl^—i a 

.lUjII C7 ^ jf 
4_hjI 1 4 (itsiyj 4_<ij^J| (J^l^-loTu aLlUI Jiic. I ^j"r Ij^a t_xj>o ^LjlujLuj] JlcIjJ2 (jyic 4_<ij^JI J_ 4_a^LLoJI JlcIajj 

J(_yA jLclji!l ^JL& L-jLL^I CJJJl>J Lll>o 



■ AjjJllII J)Jul!I jliaj>l (3-q 4Lq>LluJ| JlcIjI 



\4»\j£Lu\ ^jiaj j«U2il »J4f\i 2*411 20LJI 









^hn4(titl 3jG$)I u 1.1*4 p\jjhLu\ ±l\$& 

ajI^jJI cjI Jn-a (joiJ (jt fci-j»- .(jjis jl J^oLc J^blI *j>UI JjVl pl_2jJ1 cLi. 4_^aitA!1 ajIIjJI cjI jut* j+L*j 

(JLcjlLjiI JlcI^J2 (J-^J •<_)-" J-i^W 4 -*- a L><-^ (j-<»J^-ttj AjJlv^Ij (ji^l AjL2j (J^jIjJI 4jL2jj dil J-*_<aj (j-uii=iJlj 
(jt 2j (j^>- *■ I o ^~ l i ,' ^j^j -i flJI ^jjJ=lj (jlj (j^a-i^ flJlj (jjlLaJbJI (JILo 4_^ojJ,l ■* j ' La 2 II 4_u-ul_ii,l i _yoJ^\S\ (j-«-J-t _ 1 



(1 - 1 ) ^a j Ji=Lui 



(2 - 1 ) ^2 j Ji=Lui 

Ory^t ajUj»J o&i^VL ^k2JI *LS! j! £JL>JI j^3- /\ «_>LSiiJLl ^JLi JaaJI *I_u! Lj2siyi cjIjLL=i!I ^piJ -3 

.(3 - 1 ) ^aj J^a r„\ \ 4- U^» .^Jl i^l p-a 




(3 - 1 ) ^2 j c>=l^ 



iJjVlIlrj}! 

L^llalu 1 3jJa j ,j«U2JI Sj^ij **4^ ^%^l 









.(4 - 1 ) ^J2j J~=lA!1 2_ La==3.,Jj)j^v jl rjj^J tl^^jJ' '.'i'^" 




(4 -D^jj^^i 

j| jj oli BjJkj? L4I0 j j ^aj (jjJI till juIL J-*aJI ?Ljjf BjJkjVIj diljUJI (j^s 4_jSiyi diLjUj=xJI jj^iJ -5 

.(5 ~ 1 ) aJ2j J^~> Mill iL. I 0^-1 .j-mj^io^-ilL ^al taJLJl (J-«-Cj (IjLJL&JlJI (jij JlLa 




2j$JUJI JJUJI j»U*ImI ^ 2L0LJI d£l>3 

(JjLIailj lLjjJI jljjLLjj diL=xiil Jla JJulJI <CjV^I 4-jL.ua ^^ U^ 1 ^UTl«j ^Jl Aj^L^Vl tlilj.}Vl (j-a 

.AjjJljJI JiJlsJI £ys L&j_i£j JjjLXIj 

I jL^jvIj djLajL=3j Lvjjjjv ;jj^~ '"' 4-^jJ-jJI JJuJI (JLcjlLjiI (j£. 4^>oL<JI djLL*-aVI (j^j cj-LjL—j 4_lxxlj (jl 

(j ^—1 <nj t 4 rtjottl ?-_gjjJI jl ^jj-ixJI tliLL^al JlLa 4JtJL diLL^al ^jl i£-Sj3 tliVUxJl (j^y *2_ I <\*—~i tAt(\"*-\\ 

1j±AjluS\ j^.J HIoIjlII AjjJljJI tllljj^?lj JiJlsJI JLq.Cll.uI aJlsu CjLLusVI JlA j^ijn^ CjjJlv e_<_L>o 

* LuaJI ilLOjJIj 



^Uai«!3 J i> it> .L i fli!3>«-i i ^l!A.iUJI uLuL-'.'l 3£j_> 2bu_&l uV'5fli«^5fl 4JU-J 



:4j L 9_lJ1 JiJutJI aIjlJcI^I 4- 4-a}L_a]l JlcIjI ^ 
■ LpJ (j^i^^lj ?-j> -_-ll L^JL=l^3 _L. el J? (_)-= £--= -1 

._U_ia -J < i^iaUI Q^jJkil ^ S-L^Lai sjl-JI JUr.,,,1 .2 

.(j^sjVI <___£. LgJojJL-u <j__=l^j V ti-J^»o L__-l Jjj^jJI _Lj-"»J (j3-JI <_>__=La^1 '2- i JutJI *__o .3 

.IjLSj i-LH-JI BjlaJIj cjIjjVI ^Ijl^L^I ^ jlc .4 

.(c^»jij jcj-ji ^p>u t> ^j-jg c-^mUi ciiaii ju.cuj t_^ .5 

L$jL *L^4__=J1 (_3jjuj tt__.s1_£_»J1 (j-a JuJlsJI fj^J J I l^A)^ "'.'J 4^""^ J I Laa»L 4jLaL_=_]1 4_3j_*i,1 aJ-C jl 

^-.c-i-aJ jlj-a j_lc (JLSIuVI l_ ("-—i «ij jLj-JI p-"-"l L__£--^ <3^J 4-=Jj-»-La 4_jjLj^_=j <— iLbe-iTu j_c ajL-C 

(— iLtrfc-tTaJI LJ^Li- _) 2H " X .slj_a tiJLljij t ^ Lj_$J=JJ «Jl£>- tlj^L^j^a _j.sL*J,lj f.ULI _j*"~" 1 "■ Jj) (di^L^ajJLLj 

4"j^f,,„>UI jlji! ,*Uj ....AAJIj ^U-jJIj JoLUl Jia JU)L__II ^Ijll j! ^VjUJI c _____u ;b_L,,^U 

4j>-J-S ^JltcIuj t jLllU ^L^aj^J 4_a_i_tL>- (j-a *-j^>- _£l (j-u-aV La (_yJ-a 4_jjLj^J=JI 4 a J LaaJI _^£iie-ii_JI (jr SJlu^ 

____! 4-j_LajJI 3j_l_JI _J_$laj) «_4-lxl>. j_lc i_sj-<-uJ _£ JJI jLj-JI jl J(U L*_u 4_jjLj^=JI 4 a, I ___lb (_)__ie-__JI ijLual 

4_aJ_t__J1 (j_a 4_t|__aVl 4_>-J-S 7-jljIi3j t 4_jJl_a-LXL>JI 4_JI_>- ^J\ ^LisVL jLjjJI p^Jj t J^-^' W^ <J- u - a ^W 

. Ciji\ iJU Jl 4_U__kJI 

4_3j_*J.1 j^S't l^a »lj Lj_La t^Lt-.-u-a LJ (j^-ilj (__L___I <jjJ^> C_Jt_»u V ?.Lj»$____JI diLLualj t___il_^ (jl 

t__L-ujl_aJ.1 jl 4_Jl<__JI Bj_pJI (j^tii'i ji 4_jjLj^=xJI t2jlj.S^?lj t__l JulIL (Jli- -S^>-J til! j_=j *Lj»$____J1 jl t-t-^Lj 

_g il all t__LULjIo-'_ , l t__ji_-_il lil ?.Lj^=JI Cj^I^^ p t\« a ^j^a 4jLa_aJI (JJ=l^jj .Oe_irt^aJlj ^2jJtJLI jjlC. 

JjUujj ^Lj^=xJI jIsUc^j <iaL=JI 4_2jJt!1j < ilLaLkJI 4_jLaJtJI CjL^jLall til!,l=jj ila^l j^£ CjVUJI 

.Lg-Lc ijoljjl jisLstll ^^Uj 

:*.Lj^=xJI jl t-i-^l (j-a 4_a^L<jJI Jl£.IjS (j-a 

.i-flc-ia--*- 1§_ jLi!l oLjj-<-u (JI l5-\P <— iVLv (jiio j! ^£jL*-" j^ a^jmi^H tiJ^Lji^l (j^iaJg V .1 
.^Lj^zxJI cjIjjVI jl cj! julIL. JaaJI ^Lnf ^julII jl ^UL. ilUI ^.LaVl ^ l-123 V .2 

(j^~i Ij <-jjLj^=3 4-aJ t/*i) Lciajl l£JLu^3J tiJJi (jV 1 ?\U<a ^Lj^^xJI jLlIU Ltxi^^La I i^-V i^i (JjiaJG V .3 

A-La-t-ul^j <—il i^ll JiLftjl Jj^— »j^ j > mj"j pJ li|j 21^— ,~,tl I§_ t_.t-i-i.urJl I jLg-aJJ Vjl jLpJI _L---3 _>-=» 1J 

.t______-JI Jla 4jjLc 2^La 

.ilLL-JI j! UlLUi oIjuUI j? ciIjjVI ^jLiluu V .4 






.(jlslj^Vl .SJlSlLc (J-uLj^ jL^ " 
.<LaJt.aeILi.Jt I .SJlsJI £ya JLLaL^alLa 2JlC 3 La < -■ H 









<Lu2Sl uVSfl/^Vl 4JU* 



iAr] J? VI ( 6 ~ 1 ) ^J2j J^— i mi (JliLJj^p^xJVl ^jlaJ 4.U1 ^-m a 2 Jl£. ( 4 U i mi ) jj^-i" La 2_}Lcj .aLc 

: C7 LLa JUjlL-uVI 4- Lc-JJ-^ JJuJI 




(6 - 1 ) pi j J=^i 



^UJJIi.^ -1 



'2— ^j^p^aJVI j-^a LltJ I j^4-*3 jl l_*j£=j3 aL>J 2_ AjLseTLiuJ (j^J «LJt_Lt^iJI (_yli] 4_aLJI AjjJlJI .SJulJI (Jjo 
.( / _ 1 ) f*^J J"^""" 1 "■ 4 a b ie a AjjIjjv (JLsIjJlSj 2 JljJlC aL?ej^1j ^Jl ^—> luI Lg-La Juvjj^ 




(7 - 1 ) ^2 j J^xui 












.( O _ 1 ) aj2j J^— i mi AjjIj AjjIjjv 4jvjJlj jji La Lg-Laj 




(8 - 1 ) *Ja j J ^ mi 

.(10 - 1 ) aJ3j J ^-1 miJ (9 ~ 1 ) <^J J^~ 1 mi L^jjIjjv 4^vj_S 2_ ^^-i-fcHi! mJjIj^. a^sJUj jjfc La L4L0J 





(10 -D^jj^xA 



(9 -D^jj^ui 



^UtUl.iLL. -2 



^Jl aUtUI 4^-ijj ,n j^uajj ,ji Jila .4^-mj mil L&Jiic. jd<s>'t~ (_y-!l 2jlj^»JI 4^-j-S cJGa I e,\^— 1 4^-ijj mil 

.AjjIo 4j>-J-S (185 ) 2jt>>* <^J-S J^c- ,_>-aLu3j ( /40 ) (Jlj-sJt^T ! ( X60 ) (_,!£. (_£>^»o 

^^— .u mil Lfc JlIc j^-uaJu ^jJI 2jlj^»JI 4JVJ-S <^-ilj Ul= ^ .tj mJI 2_ jjJuuaJDI 4_j_<-uj CuJL2 I_cL=j 

ejljjv 4j>-J-> Jl^£. (j-oLuoj ( 7-60 ) Jl j-jjLual ( / 40 ) ^yic ^j^o fjjj\ a belli S^njini jd'^M JUa 

.Sjjjjo i^jJi (235 ) (_,-5l_y>- 












.(11 _ 1 ) f*^J J"^""" 1 "■ 3 a D ie a '"'I i "I S <u p'j->f 2 JlC j_' Lua2Jl aL>J £yi Jlvjjj 




(11 - 1 ) ^j J^^i 

( ^UUI U^Li ) ^UUI ^L. -3 

.<Lc-l»Jj (<u iilL-u jf 4_xJ^"^-i-l!I Ajtlai SJtjb 4_lc.jJI Jiic (12 - 1 ) aJ2j J^-i mi Slji^l aJJt aJlJcIi-uj 




(12 -1 )^j J^i 




(13 - 1 ) ^j J^^i 












2 Jojla Lgjj I 0^-1 ^Lu^p^a-il V I jiljjvVI C>-L,lll! aJLJcTli-uJ ( _ ? -A ( 14 ~ 1 ) ^J2j J*— i uitl ^_ (j-t-x-o J-* 1 »^3 




(14 -D^jj^^i 

iilMu.Vl ^ili^ -6 

aJaJlII (_3ljJa? *-laJ2 dllJL=3j tiJ^L-u^l «Ja2J aJJcTli-uj C3 _ii (15 ~1 ) ^J J^-i uJI '2- (>-J-a j_& I o^-i 




(15 -l)^jj^ 




(16 -1 )^ J( j^^i 












J*~i Mitl ^p-LJ (j-a icj-uil Cil^-nHI £ys 4lj^-i 1S1J tihjJ j)j)^~ »J Cj\ (Jj^ til! jj Lg-Lc »■! 'i'f"i ni^l (j "—i <nV 
.(19 _ 1 ) ^J2j (J^=ui £- La= *Lj^=3 o^-5e-2 (JliL^uLa j <( 18 ~1 ) 




J^jjJl jT ^Lsill - 9 

<JLiLv^i!l /«uj-J»oj TtJJLUI CjUcj^j iiJ}L-u^?l JJIjl <bjJ)j-*iaJI CjLstLaJI (J-«-«J til! Jl=3J 4_ij>~jL>JI 
£ys 4|j^-i Mil tihjJ (j>j)^"ij (ji <■ '■"fr'.ft (j-oL2il 4-cj-iILa CjLstLaJI tfjui <jl i±*.p~j tiJUi j_i£.j . 4_jj j^p^xjj V I 




(20 -DjOjj^^ 

-14- 












.till Jij^jji (ji^rtl aJlscI L-u j J-&J ( -2 1 ~~ 1 ) f*^J (J^~i r"i ^_ (j"*-^-* 3 J-A I 0^~^ 




(21 -D^jjs 



.( 22 _ 1 ) aJ2j J^-i til 2_ (j^-y 3 >* 1 o^— i lO <.'J^~\pJ J-L^-I lila^a — 1 1 




(22 - 1 ) ^j J^^i 

til! Jl==j aU&UI Cj^Lt^sj 4_a^L<-u £ys Jl=3G1! AjjjjuLa (j^J ( 2 J ~ 1 ) aJ2j J^-i iSi *2_ tjr^o J-A l_4J= 

.SjjI JlII jj^s 4rtl"i^eJH ^Ij^vVl ,_)-cl*}13 ^JlC ^ jL=s!li] 



4, 



(23 -1 ) ^jj^xui 

-15- 












^ji^iji^y -13 

£yj CjL-uLjilll ju>-?j 4_jjj^p=ll J-»'j-S *-L-L> l^"t-l "ll^J Q^~ » «IJ ( 24 _ 1 ) Aj2j J^~1 iSl ^_ (j^-J-* 3 J-* 1 »^3 




(24 -n^jj^i 



(jlalj^Vl JlJtAla (j^LjS jL^ — 14 




(25 -D^jJ^ui 






OJLUIuUJI 

: (JT ic 1j-sLJ2 jj^— " 4-iLiJI I J-A Jo**'^~ , j LaJtlc 
.Oj-SLua-oj ^Lj^^xJI jLlIJI pl_jJl 4„3j_*^a • 
■jLlU J-u^llI Jllj-a pl^jf • 
jLuJI 2j_iij 4_ajLSJllj i LaJt LeaJI (jojLjJa Cj\ Juvj 4_2j_*_a • 

z90 ^ sjIjl^ji uLsjI ^ J23V jf 

■l3JJ H 
-17- 












jjLt^iAJ= (^Lj^^xJI jLp-JI aJlJt" i ill JlSJj . A-jj-iTu-l! I AjiiejJ '"■ a "<"i^-il ^jjtgjJa 3j_<fcLLi (^Lj-^jsJI ^jLjUJI (j! 
I o g i a (J=3 yl'iMiiil jju-ii-a L_t-<-cL>. (j-A-CjJ (_^ I (jyjLj^^xJI jL*lII [flniii m J (jJ^Lxtl (_|== *2_ i^LLaJI j^L^a^J £ys 

_ : L«_iij J^-"' J-f^-" *L>«j' '— t-ma -J 

Direct Current (DC ) Jfl -,,„ ti jLpJ! 
Alternating Current (AC ) ( jjpil ) j^Ui jLpi! 



jLjlJl (jyic (J j i aa >J I * j kaj i ii ) (jjl ,jj3 J-^-l (jy-i-t-4^ (^1 .^_yjL)^^^~i H jLpJ' J^l 'r^fl 2j_$J>~l 4_<_ulj_S j_& 

i^LLaJL 2jl\^j~,^->\Si\ j^IjjJI jl 4_^Lj^=JI j^ljjJI jl Jl<jV 4_<ijjJI jl J-«-*11 Ji*t.i ^-^ ^bj-^aJI 

.u^l J^xAjl laU.v.t ^j>ui 

j-l<TlII jLjTlJL J-4JU (_pJI (jyJ^ LjJ^^I^laJ V I (jj^jv^l ^l^t a (J-l^-iTuJ ^_ (DC ) j-ftTmj.ll jL£]l -a Jiir" i uj 
jj^j^sTJI CjV I (JILo <LL2b. 4_^^g^Ti^=i_jJl j^ljj 3 La i ulj J j-ftTn-u-a jLp J I j_L*Tit I jLjjJI (Jjj^o aTu j (AL^ ) 

L_Jai!l (jV j«u-uVI I jl^j (_,<)< ii jLljJI I Juij Lij-iiij jj^IjJIj u_j£) all! I j (_yiVI (_i-i.uL>JI jL^jvj (jr U ...^1 aJlj 

4j (j-u- ii a Bj-ft Tn - u -a 4 a i ^ _< LuLji (J-liiJ tiJu Jl=3 i_JLuJl t_xlaiij | j aj-a Tn - u -a <LfljLaaj Luvj_a (J-^iJ j-> i^iol 1 <_iJvjJU 

.( DC ) j! ( — )j-<sjJL> <U j-oj^j -i-ijj jt ^jj^i 
t(DC )>4L4IjLl£)Ij^L^ 

( 26 ~ 1 ) ^J J^-- ■"■■ 4^L>J1 AjjLLiJI j? ajLu-JI £_ Lajirliiitl iljLxJI AjjLLijJI <j-a ^lc J i a >o 




(26 -l)<*ij 













ssUaJl Jj^b ^ ^aj (ELECTRICAL GENERATOR ) j „ -,,,, 1,1 jLuii ^L,j^=Ji jJjiij 

.( LI ~ 1 ) aj2j J""-! mi j-<Cn.u.a ^Lj^S jLjj u)\ 4j^-ij'<L^-ij1I 




(27 - 1 ) ^j J^xui 

^L.j^=ji jLUi Jj^b ^ ^i ^j (D.C POWER SUPPLY) ^,,,11 Sjjoji j^L^j 
.(28 -D^j j^Atl4.u^ S j^,„« J Lp jj jjpJLl 




(28 -1 ) ^jj^^ 

4_l!J_<II Sj^»»VI J-l<-.."ujj CjL==j^»J,1 fijl^jj «jLJ^' '4r I ^ L>/'^~ ' AJLa-lditl J-&J jLp^' 6^° f>^' '- Jl -* 

( <jjui ) cr ^ u 3 zji^iyi ^uiiii 4. 2j^ 60 jT 50 cAjj/.^tyij^jL^i <jV ^vi ij^» <^ ( AC ) 
.(29 -b^jj^ui.C AC) i f(~)> J JL^>^ (HZ ) 



iJjVlIlrj}! 

l^tU&tti 1 3>b j jaLuLtl »J4f\j WUl^^t ViLJI 









b: 



s 



(29 "D^jJ^n 

ojuij LjJ^>L». i=3j^»JL Cil be Milt LglLp-Ln-u l_*-<-cl». tiiJij <i_al_L^si Aj^Lj J I jLjUl (Jjj^sjj .ilj-a aiji2 u 



L ^Jjjig mJ ^Lj^^xJI jL£lJI Jj!>"*^ 7r ^ hi" (. 



aiwjti^jti— i 



. JljJlj>JIj (jjjLreJjl 4_t^sL^j ^j^LjlII tiiJi 4_liL«i o-^J '-&£-^- c - aaJ-m^a Jt-gjv (Jj-^ ' g ' QJ *"' 

u^^tlSL^i — 2 



ajjUll^l-3 

.^ujp^jyi j^IjjJIj ( ii]>Lu.Vl ) cjM^jII J>£. 2_ fju^L^jj ( (.,,t,^llj lLLUIj ^UjJIj 






^Ljj^JI jLyUt __U_ u I__*j 

( J_ )jLb_M3d_i 

( 1 ) j-ajJL <J j-ajj^j j_u-al ^J--' (___ajj__1 *_ L*JI J I 4_lloJ j-llo^Ij ( — J ) ^Lj^_=x]l jLjllI i>J__ _l«l_j 
Jl < • •• 2 aj J-*J v /J - h u5 ^' ' Cr -5 (J^W - -^' <>— ^>*JJ cr^J-* 3jjl jJI ^_j_LL<a2l jLgJv (Jj^jj (J^jLlSJI JlLcj 

:;Ln_JI__lj_-yi 

J^C_U 1000=^j^Vl 

J^l jJ___-L4 1000 = J_LL<a? <___>! 

( j» )^uii 

___ 4_jjL_U (J-uLjJ2 2 Juvj(^ Jv J jl ( a )j^5jJL LjJ j-a^jj jLl-I _)Ljj__j -»jL_j (_yJI ( i__-j__U 3j_t!l ) ___ 

:5_jJLU1 __l j-.jJ! J} ^uco^j ^jl ^j^ __>UV! f_ L_JI J| 4j___. f jVl( __ ) ^jVI 

( G __) > J JL >^ f j! 1 000000000 = fJ iiLi 
(M __ )> j jl>^ l9 pj] 1000000 = pj] l*jli 
(K __ )> j jl> J: j L 9 ^jf 1000 = ^jtjij^tl 

2j_|j_! £ys ^Lj^_=x]l jLl-I J'rVq t__>«j J _ol^ 4_»J_— U *-AjZjlA^\ j\-fr>- J-^JJ i-ajLSil (j-uLj^ J-Lcj 
.__1j__^/1 Jjv? (j-a 2j_l jJI _>_» LfrmL- -Ij-U 4_<aj__l1 <_!_ t__>uj J'^M _luLl2 <_-!-. J j 1 a — 1 1 _±!jij 

( ji ) -tt__!l 

3j_t!l 4_iic. (jlt-ijij 4_JLl_!I __L_i!lj 4_L>-jil __L_ill jrlJ ^Lj^_=_!l jLl_I _)Ljj__j t_c.Li.uJ ___J( 2j_l!I j_k 
j ___-!! *_<a _;jlj_JI (_-l_- j_j_<__j_JI jL^rv. J_^jj (JjjLj-JI JlIcj (^ U J ji ( <__>_> ) __j_*_b 4J j-o^jj 4jl_Ij_I 

:4_l!Li!I __lj___yi (j )\ ,_-_iLoj ( V ) cJ$__l ___• _luL_JI Sjjvjj .4__L_ _Ij-LI 

cJ^ 1000 = __^3L___ii 

e-j-^-l* 1000 = t_Jj_J! 

eJj_. jj___-L<a 1000 = eJj-. <___>! 






( cr cljJI j^j-a^2^l ) CjL-uLiJI J> JlslL<5 jl_£>. ♦ 

■j-^L-oU jLpJi j^Jjj jL#>. ♦ 

.( ''J^— ...jl...^l ) tljLjljjJI *U-ulj jL^JV ♦ 

.j^ljjJI ^_ I ^Lt^ajj A-loj^jj (JjjLlSJI isj^jvl a I JlJcTh-u I 
. Lg-it^a (J^jLslIJI 4ji7j^ <j-2Iuj BjJiiJI j^L-ii-a Sj_£jvlj (jjjLiiJI 2j.^vl i2jJt-<3 • 

ZlOO ^ Sjlju>JI jLSjI ^ J23V <j? 

.^14 

.2jJlaJI jJu^la fij-4^-I (j-<5 ?ril-*J " 

.( <— ijp^-l l>lL-U ) <JllL jlJ jJI f«U-ulj (j-<5 ^J-*^ " 

:3)lJLfc}luUllaX4 






AljieTLml Jt ^Lbtj^u 4J? JuV 4JLa Jl UrVl fiJJt d^jjuusj jLilU »jU"i(Mj (jy^xJj ■lylLtag.j i_al iVi^l 
.jjljjJI (j-a 4-Ll«-<5 tisLflJ I§_ ^b^lLall rfuIiJI JuJl»lIJj (JliL^^rtiJI JUfc <_)-«-*-! 4-u-*-<s <j-"Ll2 cj^»-\ 

(JT ji 4_JJJ^l^x]VI j| <LiJl Jj ^^~' 11 J-iljjJI ^j^-*-*^ Jlic L^_^ic (_3j_*Iu (jl UAJ (jjJ-!' CV^J? dsL-uLjijJI jS_&I (J-<3J 

. Jl^>JI (Jj^J J^-^' «Ji-<ij 4_ojLSil (j-uLj^ 

t^JoJL^j (_yjfcj f^j-^-i' <>J>-& (j-° f'jj u - ^ 3 o-"'-^ 1 o^^~ jW^ p ^ n ' ^" f«-i Jiia <jijL-uLl2JI ojui (JjwlJj 

. LojLiil ^Lju f oi^i^j ( OHMMETER )^ i Vi jU^ 

. jLUl sjui ^L2J ^J^i^i^i ( AMMETER )>LwVl jL^v 

. jl^ji ^ o^L^J ^ jiir" , ujg ( VOLTMETER ) j^o^l jL^ 

.4^ic (jlt^Hj Vjl JlJ j"^^?l J-&J Jcvlj jL^Jv 4- 'j-4^^' < > '- Jl * £-^- <1 ^? , -> <-^-ta ^-J f*J Jliilj 

.( MULTIMETER )jM«r.UI 3 \ j^\y^\ ^j^ jL^ 
.(Osilloscope ) cjLjujJI ^ij jL^. 

(lJsjijjlIJI <_jL (JjO dOjjl L-cJ|j . L&j^jj <_ i _i. ar> > (JT lc jj>- I j^3j_a Jl j^jj_a (j^o < M"i-»o 2j^>-^l aJJb j 
.Bj^jliil iij^v^l ajjt al JlJcIujiI ilL^la fj-^i f^3^i O' VJ^' Cr^-J 

.(J^Llifl Zj^jj pl_jJl (jyic (_3jJLi!l _ 1 

.(JJjLlSJI fij^jvl (J^aSI l^J- (jyic l_3jJLjJI ~~ L 



L^llalu I 3jJ» ^ <>iLuiil »j&] j Xl^I 3U%iJI 






<Lu23l uVSfl/^Vl 4iU* 



(MULTIMETER )JL^!ji J a! > ^!jJbu«JU?' 



£ys j_ll=xJI (J^LlSJ aJlscIu-uj ^42 til! jjj i JlvIj jLjjv J_ 4jLAljJta (j-^LjJa lj-£>-\ I JlC (j^l <>jLlC. jjfe jTu-^TlU I 

. Jl^JI JJj-^j J'-P-^ Z Ji-iiij 4_ajLSJLl (j^jLjS L^AJii (j^j (_y-!lj ?.LijIu 2 1 

^yJjLalJI jTu-a-LLUL lIsIJij li^^p- aLaJlita Jl^-i mi? Lj-La CjjjIsjj (_bJj_a 2juu isj^j>*^M ojui icLl^a dij^o J-ilj 

. (jr cJ2jJI j Tu .ft. L L U L C l^ T uIj 
jl 4_jjLj_£^lJI ijjjsl jJI *_a (j\£.^j}\ (JJ JlA (J^Lua^J 4_2j^L £_ l^MTo-I JlS-JJ V 4JI <— 3j-*J <jl C_^>o ^j^-ilj 

2j\4^Vl oJlA <_,!£. lIiLluLlSJI oJl& ^'j^ 4j^j^ 4-<-s}Lo-V1 ,_>=l!j (C-iLluLlSJI J^jlJ 4_jJ_j^Tl=xJVI 2j^IjJI 

(MULTIMETER JiLt^jji^i^^Li^jL^J^ijaidiS 

(jT lc 4 Ajlojjl jL l l -w I ?-LLLa ihii^ aTu ^-jjv j-llaj I j 1 ^j •> <-- a j ^ L L a- L c ll I aJlJc T ll u J 4_-3^l_SJLl (jjjLjJa JllC 

ljji\ jJI 2_ Lj-luLj^ -ilj-U 4^jjLSil ClJU=3 lil SjJlSJI jjLua^a jLjJv r ^ AUt *j.([2) 4_a}Lc. jf (aj?)*_loj 

j_«jv 2I (jai^>iil (j-ulj (J-li^o^j aTu CU-lso <LojlJm x_a (^jljjJI (jyic jL^>JI (J-Liajj aTu liDj Jl*j j . 4_aJjjTl=xJ V I 

( JU ~1 ) aJ2j J^~> iSJLj %ji»lj J-4 Lc=3 J-^^' l_3j_Li]I *_a Jjjjj^?I (Jjl>J,I (_>"IjJ 4_ajL5Jll i^-j-Ls J^l £-3 

1_£.}J_l<-u L4JL2 jL^>JI ^_ (J-Li^o jTl! I i—Slj^ai C^xxL=lC jJ (jy^v «LJi (jT I.'t-4-i ^ j • La 3 LJ (j^Lji L_jLajL5_ll (j| a1*JI *_« 

2*1jJi]1 Jl^LJ Cr =iJj i aLxJ^"^-iJVl 2jjI jJI *_a iLjjj-a 4_ajL2i1 t_uJL=3 lil La 4_JL». £_j .^jLli!l (jaiAJ 

.L&^lc (J^LlUI J^c JjS VjI cjjIjJI ^ 4_ajL2i1 J'^« c_^>o «LJLa 2->_,->,^tl 




(30 -l)^ jL j^ui 
















1 )(<iijj^i 



jL^>JI (J-li^ojj i—Slj-Lai (jLi (jyJ-SJ \j-& ^jLa jL^>JI (jyic 4_JL-u «*'j-^ -IS^J 4-JLj>- ^- 4-Jf ' la ^y ) (ji (jt Jlj_<j 



(jT lc 4 ^jiojjl jL iT l tw I 7-LLla ihn^ ajj li-^J^*- .jj-JjijJ^2 j I g y ■'—z i j Tu .«^- l l H I aJlJc Tu - u j Jl^j>JI (jj^ (jjiLjJa J_Lc 

jL^>JI J^>2 iiiJ j juu ^ .ij^Jtl* jLUI jL^= li! (VAC ) jT ij^,„ a jLUI jL^= I il( V DC) *_^j 

.( 32 _ 1 ) aJ2j J^— i mi '2— TcJslj jjk 1 o^-i 4_jjLj^=xJI iJjJsl Jl!I *_a (_£jljl]| (jyl^. 













1 ) ^jj^j-i 



: 4J3 jrtla 



jL^>JI (J-li^ojj i_alj^3? (jLj ( _ 7 J-*j I Juk ^jLa jL^>JI ^ylc 4_jJL_u S^lj^a -Ai^J 4.JLj>- i|_ «LJ? . U ^ \t '> ^jf ^ 



>jll 



^j^~ 1 ij 4_ajLSJLlj Jl$j>JI (_3j-2j JhP^' S Jui (_yJk 2 JJuLLa (JLiLjiLjiL (»J-2j ( J J ~~ 1 ) (ft^j J*^"" 1 "■ jL^>JI I Jufc 
tiJJju=ij ' -J j I La 1 1 (j^jLlSJI f-jj (jr^ 1 ** ^- J jLllvI 7-LLLa i La jj ia J (J^jLlSJI 4_JLc£. (j ^ se Dj .aI JlJcTu-uVI 3 tj g i uj 



. LjjLaJD <jfc-tTuJI 4_.iL.iiJI (j^-u __.j_.uj jLg-sJI __)L___ta _Lj__aj_ (<uj liJJi Jl»jj i (jjjl_i2i! <. , r iiillll _£ J_U JuJ->«- 












8 
9 

10 




2 
3 
4 

5 



0L^lUl>i 



.(jjjl_i2JI Cj^?L>~ J-J-*^ '£- r> JlscIL-uJij j-q^>- I (J^I ji M^J S-^J-^ 0- aJ ?- a 
.jLpjl jjjjLlSJ 4 rtjfcjjl jL l l Tw I *_lis^a 









( D(^ - AO ) 4 AjtAjtl jLftjJ ^-iJjj-a 



-9 
-10 












( 'ijJiJIjJLa^jL^ )( DC )>«L4ljLdbL)lJLJ^JJl4^ 



jLjj J I ( AC ) -j-spi! jLpJI Jj^»«j *Cb ki-a»- ( DC ) i^LLai! jj^o^i jL^>JI I J-* AjjeTL^j 
«->j)lUll eJ$iJI 2Lc1j_a i_^>o j^T jL^ (^1=3 (34 -1 ) <lj J^ mi SjJlSJI jL^>- aIjljcI^I jJjls 




(34 -D^jJ^xA 












( 1 J^j^UaJJj*} 



.2jJlSJI jjLt^a^a jL^" aI JiielL-ul <L2jjJa i2j_*-a • 
Lt^ .'J ^^~* '' ^4^^' u-"'-^ 4-2j-*-« * 

.(jlalj^.^l .}JlSlL« (J-uLjS jL^v 




(35 - 1 ) ^2 j J=^ 



\4»\j£Lu\ ^jiaj j«U2il »J4f\i 2*411 20LJI 









.<_jjL*l1!I ^Ij^-I *Lu? 4_a}L-a]1 JlcIjI (Jala -1 

.( JZ) _ 1 ) r<^J (J^=-tu 4_Ljla2JI 2Lclj_<3 *-a jTu-aTLlj^il I jL^>- f-o j-dLtxJll Jl$j>JI j J uz a (J-**aj _ .Z 

.( DU ) 4_a^Lc ^ylc jTu.arJg.aJ I 7-lla.a »_iia ~ J 

.U V (jyic JL^><JI jJu-£l/J I U U r> ?-LL!a £J±> _ 4 

.(36 -1 )^j Jjj^i^^IiiJI J^^^ 18V C ^0V j^U jl^i^j^i -5 



Ajjlilll Jl^jv 


1 


2 


3 


4 


5 


6 


7 


8 


9 


V 


(j^LiiJI jL^- 




















V 



Ajjlilll Jl^jv 


10 


11 


12 


13 


14 


15 


16 


17 


18 


V 


(j^LiJI jL^*. 




















V 



(36 -1 ) ^j jjji 












(2 j^^UaJjj*} 



ji 



.aj! 200 L^ift-ti ( RL ) J-**. 4_ojLia IjL^jv o 
.c_jjL>^^y 

- j ) is~s flj 1 '■-—> I . .. (J 




(37 -D^j 

.J^^JI (jjk IvL 4_ajLsil (.i^p-.C 3 1 _ 1 ) ^Jaj J^— iSJLj (j^-j- 4 j-* L«-=i 2jjI jJI cjj=j _ .2 
.(38 - 1 ) ^j J^.i. Jjj^ 4-j^ 1 ^b-% (V2 ) J^Ji 4-^L 



VI 




V2 




I 





(38 - 1 ) fk j J=^ 

-31- 












Oscilloscope ubjjlri ftu i> jLj? 



Jjj-kJL 



il^— i <ij <GI ti^^p- <LjJjj^j^=li]VI jJsljjJI jLiTlvIj (j-"Lj^ Sj^jwl aa! £ya CjLjuJJI j«u-ulj jL^v j-lIsu 
ij^-kaj (J-«-*J *>*" c£' U'-^ 3 'M ' A ' "■"'■ i -- ■ »l * jlaj i •■ ' (^LjJuj isjjl jJI £yi 3.SJulL« JaLSJ ^_ iljIjLiuVI 

' . >j^= ' * "j^ * ■■ *^ 4_iiLi (jyic- Lj-"-"ij 4_<-uLjJ2 (4jj^ ( Jl^>JI ) CjJj-aJI (j^LjJa 

.(F=l/t) s^^p* -i-tpJI lllil^j 4_Loj ) LiiLUI ^yic Lxaa! 4_^,L}S *ujj <j-«j-" o-"^ 

.4_ftjj_a jl ShhP- C^JL=3 lil L*J^ L^i=ijiu i2jJL^5j 2jLiVl ij^us 4j)j (j-a I if"—! <|J 1 e\^—} 

.i^jLiiHa ^^— i->o 2jj? (jyic- i^jIlxJ Lslj^jv 1^ ("■— ■ Jj j-^-T J t jl-^ (j-a (Jl^— i mi VI L-aJlio Ju2j 

<_fljjJLl!l <_jL> (JjO -Jjjl LcJlj -Oj-S^ '— m» cr^ 1 .>*■' j-^j -4 C^! J^ = J-° 0"° <- *^-^J j^?^' '^ L -* J 

■ 4_ol JlJcTli-uI 4_Sj^13 r-j-iluj (»3-2j (jl "-HJ^"' Cr^-J ' U^"*" ^" ^-aJQitll 

.4111 *.LiiJl 4_a_sL<i]l ^jjjLalJI 2_ jL^>JI (jyic dl rtjjtVM j*J-SJ i_3j^-uj I JUk 




(39 -l)^jj^i 






.4_jjLj^=xJ1 SjJlUI ♦ 
/90 ^ Sjlju>JI jLSl ^ J23V <j? 

:3d£L4l J3L^I 












Ohms Law j»jl j^jG 

ejjt-i (_£? 2_ «GI k±*J». 4_ajL2i1j jLjili Bjuij .U; .Ml ^ Jj= (j-u 4J2^L*J1 aj! TTJi*- <_t^^' f«JL*JI < * ifu^a 
£s}L«JI ojui L^SpJ J-^o^Xt 4- J^' J^A" 4_^u= <-^-lJ-J Lt-fJ jlj JaJLiaJI Jllj Ui= 4JI (_£? jLjllI <jLj><-" 

U = R x I jUJl zjlA * LajUXI = ,U;.Ml (40 -1) 




I =U * R 



-ajLSil ^ 



(41-1) 




R = U^ I 



jLllI sJ-Ju ^ iUi liaJI - 4_djL2il 



^ 



(42 -1) 






Sajf 2= ^ajLSiljj-LjUJ? 30= jLjUJI fijji <jL== li| Jai-iiaJI Jl^-J? ~ 1 

cJ^60= 30 ><2 = 

5 ajI 20= 4-ajLSilj eJ^220= .U:.MI <jl_=3 lil jLjU! Sj^i Jl>-jI —2 

j^l 1 = 20 - 20 = 

S^uil 10= jLpJI aJuij cJ^2 220 = JaJt-L^JI <jL== lit i^jLllI Jl>-jI ~3 

rJ T 22 = 10 * 220 = 






Electrical Power Low^Lj^S^ISjdil! j^jQ 

.jLjl!l fijui 4- Jl 4^' Vj-*^ 3 J-^ 3 ^ l£jL"^ cr*i ( Watt ) fjjt <_>oL}2JI 

.(A)j_U^32l 2 JlJV^J (jjjLSjJ jLlIJI ZjLul = 1 

.(V) oJj-aJI 2jl»*^j (J^LSjj jl^>J1 (Jj-2 = u 

.(W) £j\jl\ eJLvjj (J^LSjj S_jjLj^^=JI SjJliJI = P 
P = I x U jLpJI cjJL x Ji4>JI = SjJiiJ! (43 -1) 

j_4_i oJ^a Z.ZU 3jjiS Ji-^-^j j~iI 1 «**i . .. ^ jjj i^>" 5J| 4_ 4_L*aj-a <L<ajlJL<a 2— *■ *-—* 1 /j" ... 1 1 BjJlSJI ?<-Lu p^~ ■ _ 1 

Sj_u-af 0.25 ijjui jLp L^ 

LM 

clj 55 = 220x0.25 = 
Jl^>JIj tiilj 70 jJLu I^A&juA\ lj^\ ojL^j lil i^Lj^^j jj^ jL^>. 4- jUI jL^JI 3jLuit_x^a^l - 2 

ScJjis 12 

Jl^>JI - «jJl2JI = jLjUI Bjiui 

^15.83 = 12^70 = 

dilj 1650 «Jlu jL^>JI I jla 4_ 3 ^3 1 j" . .. U SjJlUIj 'j^usi 15 <Gj-<i jLjj <U£ j_4J ^Lj^s j*j> - 3 

CM 

eJ^110= 15- 1650 = 






t^ylc 1j-SlJ2 jj^~- " ^LJI I JUfc J -i"^— J LaJiic 

/80 c^- h ]j ^ ] o^l ^ J^ u' 

.^13 









TRANSFORMERS uV^I 

Ju^jJl! cillij Jl^>JI (j>»<i->- jl *J2j jji 4_jJj^pi=xJVl aj^jv^l 2_ CjVaj>JU J La-Ci-m I £ys CtJ _uL-u^I ^^jJlJI 
(jt j2j ( _ 3 J=xJ (_kLa (j^a J~'*~~ »' -Ai^J tO ^"' ' "- "-^^J 'j-^ - ^ ' ' - ' .' ^ ' a *t <-"**• ^ alHie 1 I (J-lLiTuTl! I Jsj^>o cj-fr>- 2 1 



(44 -l)^ jL L^i 

■ <— iLaiU 4-lIc < kb (^JJI xu-o^Jl j-ifej :J^ "'tl "1 

(jjo «_u^sj^ t 4_A_jIij=xjj J^pJLI ^ i u-tlaLliLlI (jia-LaJI (J-<sJ>- ( _ 7 -4 4-<-u-iJjj| (_JLSJI 4 fljlaj : JljJl>JI (_JLSJI _ Z 

.(_)IujjjjLj JjvIj 4->-J (j-« Lj-tlaJtJ £j£l til.) I Ai,MI oJui Jij_Cij < a miLLjI (jyi j^"" tA i- o jl t i\ i^ll (j_<5 ( ?^j| a i^Q JjjLaj 

-S-Sju l_£i jLp J3J-A ^ L *^ -Lllv ^jLLajljILa Lc^i^siJj I ^ g < b * J £^t .jM ,^» A; ^ ^jLaLa <^^xlA J*^~ ' ' *'** ^" ' _ -^ 

i— kill 2_ giTu-U ' J7~^ ' ^^j"'„'J? (jy^l J^^l (— flill ^-j^a (j'V J^LlIL J^ jJj^J -j* Altl Jcv? (J^L>. (j-a (j^-*- 

ojui A.j *-j-iil ^-^- i> A cr^ 1 ^ ?-"-^' lJl 4?^' Q$'~~~'l <J^ U *^~"' fl JJ " rtltl I JijJ tilLxJI diLi! _sJlc (jyic (_£aJl_iII 

J_^»JLI < JT k. jiiaj j_Jil Jl£>- £yj Jll ^jU! J-$j>JI U^= ^b ( £*J lIf 6 ^ 5 ) <J,F^' Cr^ 1 (3^ <JL>JI 

( f - i l l I ) (j^uj-^J^xjI Jl^>JI jJlx^i^j (_L^3jj ^g Jul lJiHI (j7 -c-i- u j (j^-^-° (J-° <— 'I alll (jj*^~ 'Tij .( (j^> A-~>> (Jjjx^j ) 

^jJI (SECONDRY ) ^Liii <jdX! Cr ^a^ ^lil! <Jdil Uf ( PRIMARY ) ^IjclVI lJiUL, 

.(45? - 1 ) aSj J^^ui jLpJI 4_Lo rjixJ 












^jjl^lj ^IjSjVI CjULII 



^ 






_>ws\n\ • iuw 














X ' 


. ' S 


X 


^ i 


(AC) j*^l J«Jl JiA- 


-dtt £ - 


' 


(AC) 




~rt_ 


U < 










i .ijfol ff n Jfl^= -"Tw-""' 




^ 



(45! -D^jJ^^i 

.^jJLUI l filtl CiLa] .SJlC £ys jj^=I ^1 Jju^l < kill diLaJ .SJlC ,j^=xj L&$3j tjjla-oi. CiV^st/J 

.(_£_jJL!Lj| ' kill tliLi! JJlC (Jjo JJ2? <_y.il JlLVI ' kULl tliLi! JJlC jj^~- J L^J : J^J tliVjst/J 

.( T^jLJta BJlCJ JlvIj (JiO ) 3 q-i-flJ 1 3 a I" se a ^jv BJlC ^ La »" (ji LjJj=l^j f"'j->f til Vj^ca-U (j! : 4ja jrtla 

t uV^til ^ LiJbJ ^JJI uguill 

.LjjLLjJj tliLiU I til LI Jlj l^ I jlz I 4- J-LaS "I 

.i_£JliJl>JI t_AflJtj <iiLiUI dry j "^ ^3^3 ~^ 

.Jj^kI.1 sjlj^ ^jjJ tJlLc. j-lC. fLflJjl -3 

■ l £JljJlj>JI <_lLL?L jf Q^*,',' l£>^I jt ^IJluVI ( kill tllLlt J I ualJI -4 

; 4 l^i ( 11 l^j (Jj^kI I (_yaj&a *uj 

.jajjOjVI (J^jLlSJI jL^>- ~~ 1 

.jILuijjjjajl (JjjLlSjI jL^>- ~ ■£ 

<JiO i_a1jlaLj (jjjLiJI jbj^- <liL-cL?ta (_alj^3? (Jj^sjjj aJ2 *u (12) AJ^I 4_a^Lc (jyic (jjjLmJI jLj^- P-^Si (*^ 

jLj^>JI (_>u^*-a i_alj^3? ^Juus^li aJ2 tiJUi Juu .aj^L 2j_Jlh3 4-ajJ2 q^i*J jW^' (J' ^j>~^Lj tiJ-!i J^su <J_^>Jtl 

( j_ajv 2 I ) <_ijvji > l jLj^JI !_y±scji (_3j_L3 (J-Li^ajj j < (Jj^sJLl TTJ-^ <j-« t_JLtxJI i_3j_LaJI *_a ( Jijj-u 2 1 ) t_iJLtxJI 

(J^sJLl liAJju (jj^-ij'q .aj^L 2j_Jl^s Lc-jS (jy^aju jLj^>JI <jl Jij>>^l3 tiJUi Jl»j (J_^>JLl ^j^ (_aljJal vua. (jyic. 












Juu ( cJ$3 220 / 1 10 ) 4_jl)j_i!l £ya Jl-=L1J1 Jlsu ^Ltj^^ajl jLjl!L> J^U J^-i <-3tjJal J-u^sjIb *J3 

c_JLlujI jL^>JI (jauJtA i—Slj^ai (Jjj^sjjj j«J2 jtu ( A\s ) j_l»jJLI jLp-JI 4-a^Lc (jyic (J^LlSJI jL^>- *-La^j aj2 tiJJj 

l_^j!1 jLg^JI qjls^a <— 3j-L= (Jjj^sjj j< LuLj ,j^=xj ^-J->«J <J_^>Jtl Kj-^- £y* L_JL-a]l i_aj_Li]l *_a ( J>j-<-u^M ) 

(j! 1 1 a a. ^ " tiJJi Jdu pa*j x_o (JjjsJL! i_alj^3? 4_..u.o^Lo ^J^c x_o (_j^->J,l ?:j->- i-Slj^af J-^-*^ cr^ 1 ( J-*^^' ) 

(TRANSFORMERS) cV^I ^^^J ^T i^L . 1 

.L^jJl^o (_y-!l (j^i a_>Jl 4_a_jJ2j (Jjj>JLI f-jj uuia. c?-^ 1 '-^-^J (?r>*J0 ^- *^J-L= cA* 1 -*{JT^ 1 i^i^Via tjl JiILa 
(j-c-iij) (Jj-re-cU I La -*-'°i ^j^>o <jl i--J Ii=3 $J j 4_uiSjJI 3j_£jv^l ^j a » • } i^LLaJI di^lj)j_a 2_ iljV^ta 2_ J^><JJ 
i_3j_(_u (CjLajLSil (JjjLjS *_La^ )(jTu-ft-LLUI) (jjiLjJLa -a I JlJt" > iiL j (^L-Jj ^-=3 II jj La-ll ^ rtUl) < (fljjl JlJI 
Jdu 4jj a La 4_ajLiLa (J^LlSJU j g Laj (jj '-r 1 -^ ' (jy->' JLuVI ' flill j-J-C (*-La-3 -S^>*J (»Jlc) 4jj! 



.^IjGjVI ' kUl! 4_2jjiaJI 



ijj L$>iLiJI <■ 






(j_a J £=3 2_ 4_jjL^JV 4_ojLLa (j_c S«itj-S (J^LlS.11 j g Laj (jl (— i-->o > j„^—»tlj ^jjLUI <_kUI Jl ^1 JjjVI (-JdXI 

.(^j45 -1) J^-i Mill I2_ I »i=a t^jj^-p-^l ^ i^tTrfltl (jjJtJi 



SECONDARY WINDING 




(^45 -1)J^ 

4_<ij^JI I§_ IjUr (J^rtAi! (_yart2 4jlpr *.lj^vL <£: (JJJ-4J 






S<LtI^JH ^a^Lmll aUJI (-ajijjl jjtLa -1 

^-t-Lg-U 4-a>LmJI (_aljiAl j-=Jl _ 2 

SajjJlJI JsJmJI ,J Jl-cTllJ 4- ^-a^L^oJI JlcIjI ^ Aj>Ij JJlC "3 

S<— il call t-aLu-ul JjI 4_j^Lj^=l!I '"'I ajLcaJb 4jL^V1 4_!U- 4_ 4±SLi3 * CT ui Jjf j_&La "4 

^Lug/i^M ^ U^I^xj c^JI ^j>UI CiljjVlj ^JulJI j^zol -5 

SJ^re-ci! (j^uaJI j-oj-M r«-<-ujl _ 

.jLpJI 2j_ii x Jl^j>JI jjt BjJlSJI ^jjjLJa _ 1 

.CjI Jl*!L JaaJI *l_ul sjJkjVIj CjIjUJI £ys 4_»S1jJ1 CjLoUj=l!1 (jaijJ t_^>o ~2 

.^Lij^zxJI jLliJ JJjUJ! jl^il <> ^LfltUI -3 

.4_ajl_SJLI x jLuJI 2j_ii = JaJL>iaJ I jji ajI ^jjjLJS _ 4 

.MC j DC ^ ^L,j^=J1 jLUI ^1 -5 

.<JliljLiiVI (jlaj^lj 0^°j-^'j <^-<J_9-^j' O- '-^ <J1jLj ju jjl rt-uj\j jL^>- <— iLal jLJeTLt-ul (j_a _ 

.^jjQjI < a 1 1,1 j 1 1^ ( n^Hll < all I Lj-A (j^-^-° (J- (Jj^*^' LAJ^ -1 ** 1 ,' _ ' 

Jjg. ^^aUajC 60% ) (Jl j-jJ uaJ3 ( 40% ) (jy k. i£>b>o ( _ = pJ1 ^btill ^LU^j4Laii ~8 

.Aji^la 4j>-J-S ( 185 ) «j|>>- ^-»-J-5 




l&JXLLoJI "ipillq .c^ifil l p.clnlll nnlnll niiiiiiq q 1 1 

gfttm >JjJaJj fcuiAtt 2UU1I 3jta¥t 



■ 






3 



L— )1 J r oLl^j^I I A^uuSA 



4^jp^=jJVI juudLulJIj aUcJLSI 



:* 



2bulillaJb^l 
.fLaUliJjVluLlI 

■ J^TLl-UJ-jliiJI ▼ 

( J*.^ ) cAa }L, ♦ 



.fL-JliJjVluLlI 

.f__U1^i ♦ 

.aUtill <— il jlt-t"iaj j__-l-L_ ♦ 
.a__UI _jlj_J^«_4J (J— —I <^>-^ ♦ 

a__U1 <__!_ (jJjL-CJ ♦ 

.j_ljjJ! j> SHj;"^'Vl j__L_J1 ^UJ _L_ ^rt^JI Cjl^kiJI ♦ 

.3jL^u ^ UJJI _l_j f^s--JI _jLU_. *I.>i:3)I_*JI 
: Cr i_ Ij.>L_ <j^_=lj c_>U! I JL& c_!j„_U J"^J L-j__:t_U_V! 

■ 3jLg-<u *__UI <_l_j a-13__1I 4-iU-- y-bf • 

Z80 i^_b 2jUI! oJ_* jLSl J| ^jjlll J__j jit uj__ll f bVl ($j2<_t 

;__^49: uJ}i_U $_>UI u_V' 

:3d_.L_U JJL-^ll 

.aL>J 4jjL__ 
.i-jjj j j___j| J__-I_L_ 

j-ji 1 _a_ _JLL-u 

.*J__ Aj^ljj 

.4_ujJLI _aljJ_Vl _j|j ajJ>Ijj 
. f L_tf 1 iJij! J-^ 

.aLstill 3J__I i_ 



.4.^11 4^M_oJI jL_l5_ujlJL^IuLi__M 






4J (j-a (_^=J ^jjj-tiaJI (j-aj Cj LJj^p^xJ V I fj)j-2 (j^o f-jj°i ^\ 'A- 4-^-uL.u^l diLLa-*-!' <j-a aLseUI 4_lL<ui j-ll<3 

C^j^lo j-JsL^JI OJajJI I§_j .i-jJjj^pi^xJVl jjIjJlL! I a a »^a (j^o- ji L^Ju^-a jj Lji3 jl L-uj'-i (jL^ 3 ?lj-«-u 

■ \-$j£ i-Sj-ia t£' f^pe-^ 03^ tjl"^ (JL^ 3 ' *— >ii tiJ^L-ul <3d>^ <j^l j-^aLlsJI tfjui 
(J^jLlI! ^/'Jjj"'^— M 2jjI JlII ^lj-^4 (jyic- aI-scIII 4_lL<ui *|>>-| <-JjL*lH (_>^JtJ 2_ tgjJQ '^ (j- ^La tiJJi *_aj 

.4_jLaJtJ1 diVU»JI 2_ L^ajl La> jLjUi-lj 

(jj-aji ki»J>- *-Jl >.M,I A. (j^LabtJI (jj-<-u JlI^JLIj (jjjiiitl *ui aUti!l 4-Aa-C *-'j^>-| Jl Tr^l^ (j- j"^~ ''J 

.L^aUJ sJ>Lc|j fij^ljJI rjU' LajLlcJ jl A-ilbJI *(>»-^l L^^J *3-d^^' r>L^>ij 4-jL.caj 

:Ll!Li!I (^jjLulJI <_jLJI ljuk 4- o^j-^ ^>^ <-dJjJ 
.f UJ11 ^1 ^ 









: Lg-La ftjJT Aj^Ij Jl (jj U"i 't > (i aLstill £ys pl$Jl «JlC 4_JUaJI 2l_pJI 2_ J^jj 

:)L*Jb^LtU! -1 

•ift-a- im^jVI jLc.J (j^-^-"^' j^ '-*-* UJ rtl"i-ic* oi}L^- tlali- (j-C- <>jLi£. J-* 
aU»J CjJ^JlJ ^yic JlcLxu (jy^a-1 4J3ljIoJ JlIc 4_jJLc 2j1j^>- ^.J-* ^J^ cr^ 1 «jJiiJI 4J ^Llq-uVI jLc. 4<ijUj 

■ (j-lLlU-uVl jLc. (JiJ^>- (jyic. JlcLlxU £$£ (j^-? - "1^=3^1 jLc. 4 rtjkj Lol 
.L&j_i£.j .aL&^Vl A^bjell AjJljJl-kJI j_L^uljilj 4.Li2."l!I CjIjklLI aUJ '£. *.Ladl\ £yj f-jlll Ijbk -a JJeTa-uj 

t^Lj^lj^L^bsUI -2 

(j-lJ f-j-tisji.1 *j-^*-U aLrtill 4_jLc£. CjjJl>J 4_j3L^j <j_j^aj 4_iJLc 4_jjLj_£=j 2jlj-<i jJfc? 4-JLa ^jrtJjLj^^aJI 

.(j"*-<-u3-2J' 

: jjJUaiJI 4k*i*J j»UUI - 3 

4j''j^"^^Nl j^ljjJL il^Lkll ilLjSjJI j_^>1_l«JI iUJ 4- J- <a -*-" L '-'^ fL*UI 6-° fj^l \jJtj 

j-ji I Lsa-flJI x_a ' 31 Leajj j-j, 1 LaaAll J I ^"j -i i ■■" (jyic •»■ I La < a I 4 ^~ 'J; ' " aLsJl!! (j-a pJ-iJ' I >J-& ^- (J-g-Cn-ujij 

.^UUIa^L^ -l 

j\. \ ,^»sll l£JLL-u ~L 

.( fUJJI U^Li ) fUUI ^U, -3 

.^ujji sJij! J*^ -4 
.I^-oLkJ jIj-II <~<r»j^— ii (..aljlafj 7tjlj_<iiJI j? 2^j^,uti Sjjjijji ■» u , „ -5 

. 3j. jA . l - a 7r t (I i ill 4 t l-i^ _ 

.ilj^s (_£( £ys 4_lJL^( 1 ~Z ) Aj2j J^-l mi ^jlj_<ilJI 4^jJ jf 4lg.j j t-i 1, | fijjljjl »^nl ^JJ^-IJ (jl t_. L>J 









5*^ 



aljieTu-uVI 4juLi L^ubciJI 4jv^l!1 



(1 -2 ) ^j J=±A 

7c ' iajjj ,i ^^~" '„ '^""'■^ ' <-^j^-*^5j-!' 3 jLcl j tils 4-ojJTn.uj L^« (JSf (j-^j-j t^jLaLrti!! 2 jLcjj cilis ,j^~ » i ' 
pL=oil JjL-ujJI 4^ii=xj (j-o Jjs? aj-sLU a belli i^ 



I (jyic <bjl^— i II (_>u?J f->^>$i <jj^~ 'J cr^^"' ( LJailH (j^-i tj ..»bel!l 4j^b= (j-ulj ( rtjt^Ti^ aJ2 _ 1 

.(2 -2 ) jftij J^=l^< *UL JJjJLa 



^ ^^ 




(2 -2 ) ^aj J ^ mi 









5*^ 



.(3 -2 ) ^j j ^i mi i 




< 



(3 -2 ) ^j Jj=Lui 



__M_>j (j-cluL- <j"V -^ rjlP-^ sJaj^uj s jJl liJUij ( oOOivL)) j Mrtti ?-jJ (_-JLc <__j__tl (j^UtiJl ^«^ 

.(4 -2 ) a^j J ^ mi (jljj 




(4 -2)^jJ^i 









5*^ 



.( 5 _ Z ) (ft^J J*^""* "■ 4_LfljL>JI 4^>JI £yi 4-ft-LTeJj -i'j-t' J LaaJLaJ I i—Sj-La Cr^ 1 J.' t <^ *tl l£1L-u * 



■ 
I 

/ */ "■ */ • / *^bH ^P^^ 

rr/-7*/-/-/-r 



(5 -2 ) ^j J=xui 
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:4_<ajlJL<i (_|=j ^yic ilaJt-JaJI til!JL=jj ( 37 _ 2 )^J J^— -■ BjjIjJI oJJt '2- jUI jLpJI 



R1= 
10 Q 

-VvV- 



R2= 
30 Q 

-VvV- 



R3= 
50 Q 

-Wv — | 



"L 



(37 -2)^jj^=^i 

.^ijUi t^c R3 j R2 j Rl ^UjLsii j| ^^ <j^=ji ^jLsii ^uS ju>o : Vjl 
Rt =R1+R2 +R3 = 
Rt=10+30+50=90Q 



I :*j! (j_jjll (jl itup- jLjlH <■ 



j ajl (j^jLiJI (j-a : LjJlii 



U 9 
lt= RF=90= 01A 



UR1 =Rlxlt = 
UR1 =10 xO.l =1V 

UR2 =R2 xlt = 
UR2 =30x0.1=3V 



: <LajlJL<a (_)== cA' 1 i-IaJLLeajl 4-dJ^ : LliJLj 



UR3=R3xlt = 
UR3=50x0.1=5V 

Ut=URl+UR2+UR3 = 
Ut=l+3+5=9V 



■ Z^ljJI^.U^Mt^l^tl^^JLl IJI 












(8)^j^J!jJ>u)! 

.^yjljlll ^yic fijjljjl J-lLOJJ 4_2j_*_<5 • 

.SjJjIJlL! 4_iij=xJI 4-ajLHI -SUol i2jJt-<3 • 

.jLjl!l (J-uLj^ 4-2jJt_a • 

.<Loj|JL<a (_>=> cA' 1 ^4^?^' L> '-^ 4-2j_*_o • 



r 

—5 



R1= 
820 Q 

-VW- 



R2= 
150 Q 

-VW- 



R3= 
270 Q 

-WV- 



R4= 
360 Q 



(38 -2)^jj^ 

.Aji OZL) 4 fljMI ^-jj^jj^j 4_<aj|jL<J 

.Ajl 15U 4 fljMI ^-jj^jj^j 4_<aj|jL<J 

.Ajl L l\J 4 »-t-Sj 1 4_jj^Jj_^J 4_ajLiL<5 

.Aji jOU 4 »-LflJI 4_jj^Jj_=j 4_<3jLS-<3 

. L y*\j±. X i\ ^jLtla jL^v 

.3jJu2 jju^a jL^>- 

.^jUJ^y 

.(Jjj-ajj <_d}L<-uI 

. JaaJI *l_u? 4-o^LtxJI jlcIj! J^lLs -1 

.(38 -2 ) ^j j^xAJi 4- U^s 3jjIjJI Jj-^>>u ^ -2 



-73- 












.(39 -2 ) aJ3j J^i mi JjJt^JI 4- JjLliJI J^-"i ^ti^aJI LajLSil Jl>-jI 



Lu^LjJ 4_JL!=l!1 5 ajLU.1 -iL>ol 


jjj-aj^?l jL^a- 4 t-i r dl^j Ljj-uLjJ2 







(39 -2)^jj^^ 
.(40 -2 ) ^j j^ a jj i> 4 ^i"'» Jr u.j Zj^l nil 4 jLpJl 1 * A i^jf -4 



L-loLj Cy L=xJI jl jl!l 2 jji -iL^jl 


jllj-a^l jL^>- 3 La 1 ul^J Ll<-uLjJ2 







(40 -2)^jj^i 

(41 _ Z ) aJ2j J^~> mi (JjJ^- 4- ^Ll^J' (J^-"J 4-ajL2-<a (_)=3 Cr^ 1 ^aJijiaJI J^-jl _ 5 







^^^JIjL^a^^U^ 




UR1 






UR2 






UR3 






UR4 






£j^>d1 







(41 -2)^jj^^ 










(9) 


.^yjljlll ^yic Bjjljjl J-lLOJJ 4_2j_*_<5 • 

.XjjIjJJ 4_Jl:=x]1 4-ajLHI ^Uol isjjt-a • 

.jLjl!l (J-uLj^ 4j£jJLA • 
.4_<5jlJL<a (_^=5 (jA' 1 ^4^?^' L> '-^ 4-2j_*_<5 • 




R1= 
500 Q 


R2= 
620 G 

VvV 


R3= R4= R5= 
910 lj 180 lj 680 lj 


1 

~ 10 V 

T 









(42 -2)^ jL j^ 

.Aj! 500 4 Ojritl S_jj_jjj^3 4_aj|jL<a 

.Ajj OZO 4 fljMI 4_jj^jj_^3 4_ajLiL<J 

.Ajl VIO 4_n_jji]l 4_JJ^Jj_=J 4_<ajlJL<5 

.Ajl loO 4 fljrttl 4_jj^Jj_=j 4_<3jLL<3 O 

.ajl OoO 4_n_jii]l 4_jj^jj_=j 4_4jlJL<a O 
.U^>\jJl^\ JljLtla jl-£>. O 

.Sjju2 jjLt-iS^J jL^JV O 

A-jjUJ^y O 

.JaaJI ^Lol 4-a^LtxJI JlcIjI J^lLs -1 

.(42 -2 ) ^j j^ Ail 4 i *^ Zj^i *» j^~j" v |<5 -2 

.( 43 -2 ) aJ3j J^ mi JjJt^JI 4- JjLliJI J^*""^ ^ti^aJI 4-<ajL2i1 Jl>-jI -3 

-75- 












^^^ Lib, 4,l^tl 5 ajLHI ^L>J 


jjj^aj^l jL$*» 4 La <"1^ Lj-<-uLjJ3 







(43 -2)^jj^i 



Luibj (jyl^aJI jl Jl!l S Jui ->b>ot 


jHj-a^?l jL^>>. 4 t-i r (il^J l_L<-ubJ2 







(44 -2)^jj^i 

.( 45 _ 2 ) aJ2j J^~- tfu <JjJ^>- ^- ^ljLIuJI (J^^uj 4_<jj|JL<j J^ (jyic <-LaJi tiaJI J^>-jt _ 5 







^^^JIjl^il^l^L.LS 




UR1 






UR2 






UR3 






UR4 






UR5 






^A^Jll 







(45 -2)^jj^^ 












( 46 _ 2 ) aJ2j J^-i mi! I 2_ I 0^-1 C7 jLj^==JI jjLt-iiiL (j^tjtl L^Jaxj 



(46 -2)^jj==^ 

t^llJI j^JLSJI (-.....a.-*. (^jtjlJt (jic 4_La_Uj_l.l CjLajmL! < JT l==i]1 Pj-c^JLI ~1 



J^ _J^ 111 

Rt ~R1 + R2 + R3 + R4 + 



:^1LUI j^UJI r a 



(47 -2) 



Li2£ /jllLoaLiLo Sol jJI 2_ <jL== lil Lai 



Rt = 



R1XR2 



(48 -2) 



R1+R2 

SjjI jJI ^yic . U I ... II ^^JLaVl Jl^>JI u u <n jjk 4_<ajlJL<a J== ^yic daJLaU ( U ) dj,^>) JaJLtiaJI ~2 

Ut=URl=UR2=UR3=UR4 (49 -2) 

^^JLc fj>u ^^P* ^J-2 ^b^H C^! £>^y ^^ 4-ll"iJeJ,l CjLajLSil 4- jUI ( I ) (<_>i ) J^A" " a ^ ~3 

:(_yJbJI J3JLUL 4-ajLLa J==j (_,!£. jLjlII S Jui -iUol I m^ <ij Lc== 

II 
n.= 

(50 -2) 



13 



__u__ 
Rl~ 

R2 : 

u 



R3 

It = 11 + 12 + 13 + 



.JaaJLi j-alcajj jjbj V ii>i^l JU^'^I jU JU^Vl JL»4 Jk*j JU£. -4 












4_aJL==JI CjLojLm t_(-l.a^>l Ajl 1UU = I (j'fl.ft ^^J 4_ajLiL<J (_£jljlll (jyic I 0^*fl (J^3J-<3J Ajj 5U= Lc^la (J^ 3 



r 



L 



-20 V 



R1 S R2 

> 50 Q > 50 Q 



R3 
MOO ft 



R1//R2//R3 



(51 -2 ) ^j J^i 



J*Jt 



_i__i A A_ 

Rt~Rl + R2 + R3~ 

A _A 1 _ 1 _ 
Rt~50 + 50~100~ 

^ =0.02 +0.02 +0.01 =7 r^ = 20C 
Rt U.U5 












2jLw 

.jLUI jcvjf (52 -2 ) ^j J^.l, BjjI jJI 2_ 



"L 



> R1 



£ R2 
>20ft 



> R3 

>10£i 



R1//R2//R3 



(52 -2 ) ^j J==-<i 



Jail 



A _A A A_ 

Rt~Rl + R2 + R3~ 

A_A A A_ 

Rt~10 + 20 + 10~ 
1=0.1+0.05+0.1=^=* 



: Cy l==JI jLui! 4-*jS c 



j ajI ^jjjLSJI jjjo : LjJLj 



lt=^=lA 
4 



U 4 

■^-la-io- 04 * 

U 4 

E =S2=26= a2A 

U 4 
13= — = — =0.4A 
R3 10 



: 4_ajLiL<a (_J== (jylc jLpJ' <* 



j ajI ^jjjLSJI (jjo : qJLj 



It = a +12 +B =0.4+0.2 +0.4 =1A 



( 10 )(^j^La)ljJ>ull 

.(^jljlll (jyic ZjjIjlJI (J.LU3JJ 4_2j_*^5 • 

.3jJj1jJl! 4_Jj=JI 4-ajLHI .sUol 4_2jjl^j • 

.jLjl!l (J-uLj^ 4-2jJt_a • 

.4_<ajlJL<5 (J-=i (jjJ-C- jLpJ' O- '-^ A^JJUi • 

IR1 IR2 IR3 IR4 IRS 



r 



: R1= < R2= £ R 3 = 

> 150 CI > 100 Q > 470 Q 



;R4= 
>1 kQ 



(53 -2 ) ^j J^^i 



.Ajl lZ)U 4_HjjjJI 4_JJ^Jj_=J 4_ajLiL<5 

.Ajl 1UU 4_n_jji]l 4_jj^Jj_=J 4_ajLiL<5 

.ajl 47U 4 QjMI 4_jj^Jj_=j <-<3jLL<3 

.Ajl jJU^3 1 4_n_Ji]l 4_jj^Jj_=J 4_ajLiL<5 

.ajl ^JU^3 2.2 4 fljMI ^-jj^jj^j 4_<aj|jL<J 

.SjJu2 jji^i/a jL^Jv 

.^jU^^y 












:Ja)lul$k£ 

.(53 -2 ) ^ij j^-. iSJi 4- Ia^ 3j^i jJI J^j-^ajiu ^ -2 
.( 54 -2 ) <ij J^ mi jjjt^Ji 4- ^litll J^*-"^ Iji^ ^jLsii ^ji ~3 



Lu^LjJ 4_iij=xJI 5 ajLH.1 -iL>ol 


jjj^jj^I jl-^>- 4 La > uljj Ll<-uLjJ2 







(54 -2 ) ^j J^i 
.(55 -2 ) <ij j^ mi Jjjl>- 4- g^Lnii J^-mj 3j^i jji 4- jLpJi 3 ju^i j^-ji ~4 




(55 -2 ) ^j J^=^, 












.( 56 -2 ) ^J2j J^-i mi Jjj^ £. ^jLiiJI J^=-<-uj 4_ajLLa J=3 ^yic jLji!l 2 jui -^>-j^ ~5 





LuJjLjj jLp-!' «Ji-ii -^"-^i 


jHj-a^?l jL^>>. 4 t-i r (il^J !_L<-uLjJ2 


IR1 






IR2 






IR3 






IR4 






IR5 






£>**!! 







(56 -2 ) ^j J^^i 



( 11 ^^iafljj^l 

.(^jljlll (jyic ZjjIjlJI (J.LU3JJ 4_2j_*^5 • 

.3jJj1jJl! 4_Jj=JI 4-ajLHI .sUol 4_2jjl^j • 

.jLjl!l (J-uLj^ 4-2jJt_a • 

.4_<ajlJL<5 (J-=i (jjJ-C- jLpJ' O- '-^ A^JJUi • 




(57 -2 ) ^j J^^i 



.Aj! 1UU 4 tljfitl 5_lJ_JJj^3 4_<aj|jL<a 

.Ajl ji-L=3 J.J 4_<i_jji]l 4_JJ^Jj_^3 4_ajLiL<a 

.Ajl jJU=3 VI 4_HjjjJI 4_JJ^Jj_=J 4_ajLiL<5 

.Aji jlj^— 1 J J 4 fljMI i-jj^jj^j 4_<Jj|jL<5 

.^tj^Vl JjLtla jL^v 

.SjJu2 jJu-iS^J jL^JV 

.^jU^^y 












:Ja)lul$k£ 

.(57 -2 ) ^ij j^-. iSJi 4- Ia^ 3j^i jJI J^j-^ajiu ^ -2 
.( 58 -2 ) <ij J^ mi jjjt^Ji 4- ^litll J^*-"^ Iji^ ^jLsii ^ji ~3 




(58 -2 ) ^ajji^xui 
.(59 -2 ) ^j j^-. ,*■„ Jjjl^ 2- g^LuLtt J?^ij Zj^IjJI 4- jLpJl 2jl^, jl^jI -4 



LuJjLj Ct L=l!1 jl jlJI sjL<i -sL^jI 


jjj-o^I jL^>- A La 1 ul^gj Ll<-uLjJ2 







(59 -2)^jj^i 












.( 6U _ .Z ) aJ2j J^— i mi (JjJ^- ^- ^SllLlJI (_)j*^uj ojjLLa (_j^3 ^^yLijLjl!! 2 jL<i J^>-ji 





LuJaLj jLp-1' «Ji-ii -^"-^^i 


jjj-o^?I jL^>- 4 La >»l^ Lj-<-uLjJ2 


IR1 






IR2 






IR3 






IR4 






^A^Jll 







(60 -2 ) ^j j^im. 












(j^jjjij i_aj_<-u (jjjjjJI I juk I§_j < 2 jcv (_,!£. (J=3 (^jljlll j^ljjij ^jJljliJI j-»lj-s Lj-^j-i a-SjLjiJI (jjjjjjJI £_ 

( 1 )JLfc 



R1 



R2 



R3 
2 Si 

-AAA — | 



R4 
2Q 

-vw- 



(61 -2)^jj^=^i 



J*}| 



.^ijUi t^c R4j R3j «iijijUi ^ a^j^ R2j Rl ^UjLsii <j? z^i jji <> . 



pt."5« +R 3 +R 4. 



8x8 
Rt =——+2+2 =8Q 
8+8 












( 12)(^j^Lo)!Jj>uJ! 

.^jljlJlj (_yJijlH ^^JLc BjjIjJI Jj^ajj AJSjJua • 

.sjJjIjJl! 4_iij=xJI JLajLit! -SUol 4_2jjl^j • 

.BjJsljJI 4- -H^^J J^A" O- ^ ^3j-*-o • 




(62 -2 ) ^j J^ .I, 

.Aji jjlj^—i 1U 4 fljMI <LjJ_JJj^3 4_<aj|jL<J L .SJlC 

.Ajl jJU=J 1 4_HjjjJI 4_jj^J^=J 4_<ajlJL<a Z .SJlC 

.<_>^1j^.Vl .SJuLLa jl_£>. 

.(>jju2 jjuu^a j\-fr>- 

.^jUJ^y 

.(J- u ^ a jj dJ^Lml 

.JaaJI ^Lol 4-a^LtxJI JlcIjI (Jjla ~1 

.( 62 -2 ) *J9j J^-i M<tl 4- I ^ fij^l jJI J-ixajSj «i -2 

.(63 -2 ) aSj J^=^i jjjt^Ji 4- ^jLijJI J^*-"^ U^ 3 ^°jLiil -^j' - 3 












LlJ=Lj JLJ^aJI 5 ajLHI ->L>J 


jJJ-aj^?l jL^>>. 4 t^i r (il^J !_L<-uLjJ2 







(63 -2 ) ^j j^i 
.(64 -2 ) <ij j^ mi Jjjl>- 4- g^Lnii J^-^j 3j^i jjt 4- jLpJt 3 ju^i jL».jf -4 




(64 -2)^jj^i 
.(65 -2 ) ^j j^ a Jjjl^ 4- gSLuil J^ij R4 « R3 « R2 ^ jLpJt s jl£, jl^jI -5 





LuJsLjJ jLpJ' IjuUl -iL^ol 


jjj^s^l jL^>- 4 La i ul^gj Ll<-uLjJ2 


IR2 






IR3 






IR4 






£$**!! 







(65 -2 ) ^j J^^i 



.ljuuA\ (j-uLj^ £_ 4_lq.Cm.LU <— ll Jl^JI • 
._JlIl____JLI i_Jj___)J (J_»L__J 4_2jJ__3 4_3j_ft>5 • 

.JLL___.Vl i__.Li__=l iajj^j • 

/ " > I A" <Z~ ■ t I 4_«jJ2 3*.! >J3 ^ ^ \ . U> • 
'/■ 80 £>£. fijl Jl>JI oJlA <jL23| 4-L--^ J2jV (jl 


















Capacitors uU&l 



(j^ijJjLiL<5 ^y^>! <JLp ( /2 _ 2 )^j J^-i Mill I§_ 2jlj^»JI pLajjl t*^^ cr^ 1 jLC -L-"y t — ^j ^ A ^ 1 ^^Jdi <Jjl9-" 

£_l^>Ij LJL-u ( <_j ) £$ill ^-u^>l tiUjuj ( <_s ) r-^UI Jl 4_L<s cJLSTuI <— >lJjj^l^aJ^?l 4jq^-, jV V^jjs 
4jlxxJI <Lp*LJ (j-a '"'I ^"^— II (j^j p-l_jjf «JlC lLJLIA (j! 2t^^\t a (_,_->p . 4_jjLj^=j 4_be-iToj LJ^e_iTu.a ( ^"^— 1 1 

.4_!5U t-«-mlltl jLftJ-1 lA^jlxJSi aj*^JIj 3j2JIj 



"L 



-m — i 



(72 -2 ) ^j J^=^i 



:< JT Jb La (jyic ( rt"i^-itl 4ju_u L-iJ2jIu 
■ AakJI cJGa 7-l^jVl <jvLxl^ C.JJ3 I j|j 41«-m C olj 7-l^jVl C olj I oi^a t^j^jv^UI 4jvLxl^ ~1 

.4JLxxJI C ijllj 4_2Lxi!1 cJJ3 I fll^-ij 4_*_,_a]1 eJGa jrp-^lll jrlJ 4^LxJLI C Olj I fll^i : ( >JV^1!1 jrlJ 4^Lxiil ~2 

.^Ij^JI (_a}L>* j^J J) Lc JUjlL^L cJiiLi=JLI 4juj, jjj3 4JL2 tJ^jiL-JJ JjL«-II fjj -3 



mf ( .M^ jIjU 0,01 = jIjUs ^ui 

uf^^z^ jijU 0.00001 = jijU^^jii 

nf,.,-,^ jijU 0.00000001 = ^i/l^lui 

pf v^u jijfc 0.00000000001 = jIjU^huI! 

.(73 -2 ) ^j j^z^ui ji^i 



* 



T 



(73 -2 ) ^j J^^i 

J-2123 c-i^jJ.1 c-Ja^JL J^ajil (-SjlaJLa i AjjLLijj < ^"i^-itl I JUk i^ J^uaj LiJLa i afi^all <j-*-<i LjJijT Ijsl 

J ?"i m til! juj < ^""--tU i^-j-Ls (j'V ^-«jLS-<3 (J-t-iiJ LiJLa < h~^—i i\ k^j-£ Lj-ijl lil (j^tAJI 4_A«-c. Jlsu 

( ;,-,<£— 1 1 £_ ^jJJtXI i^LLJI *_jj_aj *uj tiiJjuj L_xJvjil t_Ja2JI J! L-JL-JI L-xla2JI £ys <"<l wjj"^— Nl 

.aj 2I jL^^o (JjjLlSJI 3 La 1 ul^j _ 1 

.^j^ui - 3 












.( 74 -2 ) ^j J^n.i, 4- u^n j»jVl ^ ^ijiiVi ^ juiia ijL^v ^ - 1 

Jlj^uVl (-SjiaJI s±*-p* LuiaJiiJ tfLlJVI x_a l rt*i^-ill (-.aljlaL ^Ij^Vl .iJula jL#>- i_sljl»| J-t^jJ (<U ~2 

.( 75 -2 ) ^j J^xA 2_ U^ . ?,VMI 



>a 


[j^WM 


|l 




1 


/ i^^r \- A 




(75 -2 ) ^j Jj=Lui 






(74 -2)^ jL J^=^ 

.CJjiJIjL^'AkwIjj -2 

<jjv 2I i_3j.laJlj ' ^"^— 1 1 1 ^j^j (_JLlxl!I i_3j_kaJI x_a BjJlSJI jj-ua^a jLgJV £ys J>j-<-u 2I 
.( 76 -2 ) p£j J<S-i.t. 4- lo^ ' flo^all (j-a V^jll c^jiaJI £* 

( 77 -2 ) ^Jaj Jj=Lui 4- La= DC cJj-ftll (ji^. ^Ij^Vl jjulLo IjL^v x^ia aj - 2 



ll nnn'JI 
r uuu II 







I ■ 



(77 -2 ) ^j J=xui 



(76 -2 ) ^j Jj=Lui 









5*^ 






.( 78 -2 ) ^j J^=^i 4 L 




(78 -2 ) ^j J^^i 

$2b>*21l -3 

<LjjLj_£=i SjIj-Ju ( _ y laju (jyJ^- LgjLaJU *_a <_aljiaVI J-t^sj aj ( 1 ) aJ2j JJ-l!I ( Z ) aJ2j 2jiaj>JI (jgjJaHj aJ2 

4_ajLJeTn.u.U 4-!jL*JI S^Lil t^^p- (j-^J 'J^*-^ 3 <-^il rVi^-i-aj AjjIj <-l)l .Vi^-i-a Jl 4_aLc ifii^y CjI ^"i^-i-II <i»iii i" 

: Lg-La f"'j->^ 2 JlC J I a • ■• 2 " 
U ^-LiTu-a (jy^jj (JjLc 1 o g 1 ' ^a QJ ( j^H jL *- a (lr^L^3J-« £ys (jj*— ilj t^^jjJI i (Ti^-itl _ 1 

4ju_a]l i_i-i.>^>. (_yiiiJ3 jl J^ip <Sj^ " A "M^ ^J^"^' O-^J ^ La-all (j^a <2j1sj (Jiwl jJI ^j-a 3l Iota /yu^i}\ ^j-a 

' d!i^=>II icLlLa Jtic Sj^ilall 












:>wbil jajJiJI &u>i» — 1 

.( 79 -2 ) ^j J^m. 4- £^=>« I JL&J (-) ^iUJI <_3jIaJI jT ( + ) ^^11 ciljIaJI 



U^ 



-^S>T 



(79 -2)^jj^i 

.( oO _ 2 ) aJ2j J^— ifu I§_ LaJ= ^'"^ jl^J=tj (JjJLiil!! Jl^J A-t-i-oJI 



(270 pF) (50VOLTS) 




(80 -2 ) Aj3j J^ mi 

Pi vljloij-^-. ±± (jyliu M i_3j^»J1j Ul jljLajjj^xj^j ^'i tjZ i_3j^»JLa 4_j3j^>- sl^^aL < . •"■^— " tijLt-.-JLa 

270PF <ll^ ^I 270M <o*_^ l^!^^ ( ^ ) J^ ,t,tlj 0. luf ^f 1Z <o*_^ < a^ « ( ? ) j^.^ti ^ 

:^L*)l^l^f&jjJ» -3 

CtJ i2 (_yJliJlj JjVl ^^JuJI Jlsu jLluaVl J>1 JlcI ilJLUI JJmJI J-»A; *±*£V .si JlC? 4j}Ij L^2 -ajLJcTu-uJ 

t^k, Zj^iUa y J^^ jl^i UlOOOOOPF ^il04 Sj-^UL U^^uu <q^ ^i^=^ ( y ) J^ ,t. ti 



■ j^juzX I (_yiirt2 ilL^la 4_2j_*_a • 












^ FUSES u!^4l 

(j^l 3jLlC (j-&J. 4_jjLj^^x]I '"^j^JT"'^ Ct^ 1 ^ aJe-U (jy-sLj^^JiJI jLjTlII 2-SLjj £yj 4j|_aJv 4_Lh. u j <~<Ij j.^t I 

4_«-jJ2 (j^i jLjl!l "^Ljj >^icj <U^L>. (j-a ^Lj^^xJI jLlI!' iSj-^i {j^r i ~ ijLA ij^- u: >¥ i Cf^i ^iJi C7^ Jl *- <5 L W>" 

jL$j>JI t_<.i.a j> > (jjJ-C- ^^'^1,1 4_n_i£ < M"i->oj jLpJ' (juj-i-u ( h°\^uj (^JuJLI J^jj_iiijl j g i <a m j g ir^t oil 2^Jl>JLI 

J^~ i "■ cj <~<*-— •> (Jl ^-— i iu| 4Jj 4_j£ jLU jLpJI i J-ii *-a L-<-mLuj fi^Jt^ta .sLftjIj j La flj xJu^jj j^juzX\ «U ' . i ^~ 'j ' I 

.(81 -2)^j 



(81 -2)^jj^^ 

t ^Uj Ljj^SJ 1 3jJ IJJ uwliil jjiatt jLu^I 

4_«-jJ2 JjI^" i^-SjJ I n**-— itiJ!>L<ji^l j_LC 4 ^ j La « 1 1 (J I 4 -ij^tl Cr"- C - J^ U^-*-" ^ T-" 1 '' J & '^ ^ V ( ajL = e ^-'-' :L ^ 
(_j.fi JTu - u j La_a 4j^L». (j^3 4 o j ? 1 1 (jyJLc jLp (jLjj_<ji <L»_jIu oj- uj H (jyJLljLjj ^ g i <~< 1, 1 lJjJj ^Lcj-uj ^\ j g i r) I, I 

Jl tiJJi l5A3^ D^JL^-" Lni=i 2_5 < j g i r-i 1, 1 I jla LJ j-jLi!! 4_^Lj^=J| 2 a^\\:^\\ J^Juij J== J^ic <UI juILJ 

L^>-Ll>o (_yJI jj'^ill 4_u.ul_LU 4 -ij^l JijJl^xJ 4_lc-&? Oj? (^iLaJLl I I JUfc <j-aj • OJ2jJI icLuia^ 4^Li' ZjL-gJ^JI 

.4_jjLj^j=xJI 4^aj) LaiXI 
: l^a »l (j^J J$-a\ l^£. (Jjj-La £^t j^-LaaJll 4_<ijJ2 JuJl=»o (J^i^jj 

.«Gtj<^>tl c-jI"^. — 1 

.2_jjL^4^=JI 4_a^Liill ^jic 4^11^-itl — 2 
(^Jj-La ^j^i J I 4JLj.ls3.1i ^^ 'J^P" <3d>^ O^- A „ .'J ^^~* '' 4 *j Un « 1 1 (JjJuIuIL! aJ^LII jLjUJI jl JlS^j 2j£jjua — J 
.4_a^La_iil ^jijj (-.i-i-ullll j^i^tl 4_<ijS JuJt^j (j^-i a j tiiJjuj 4_jjLj^=xJI (jjjLiiJI 2j^a^| a I JlJcHui I 












.( j^J-« J 2 I ) (^^Ij^. 2 1 .SJulI/j jL^>- 3 La i ul^j ( j^LflJI ) j g uaJj (_^<a3t3 *uj 

.( 
.( OJ ~Z ) aJ2j J^-i Mill ^_ 1 o^-i j g i r^ t, I (_alj^3? J I jL^>JI <-l)Lq.i.aJe.a (Jj^ajHj aj3 _ Z 





(83 -2)f£jj=±A (82 -2)^j L ^=x J i 

. L»-lL-u j g <^> 1 1 (jjj=ij ajJllJI iijJLill /?-jLjJ (J^L^ (j-« 

.(84 -2) 









5*^ 



( OJ _ .2 ) aJ2j J^~- iSJI 2_ I n^~ 3 j^-t^all i_alj^3? Jl jL^>JI (JLiLlxl^j (J-li^ijIu <£ — 2 





(85 -2)^jj^^ (84 -2)^ jL }£^i 

. Ljt^it a j g i r^ 1, 1 tjj^-ij'^ tiJUi (^Jlcj 1 ojl in j^jLtaXI i)j)^->j (Jjjj^>JI pLu-u JujlS 



. j^Iu-uJ, I ^ I j-l<TlI I O-Ij-aJI jJilj.5 ^_ 4jI fl-u Lajj JljvjJLI J^c ( a >*aj • 

.<b JUlLJI j^lj-5 (J-4-C < a <*aj • 

.diLjjLilUl 4 La 1 "lj.' <JLaL=3 4j>-jJLj 4^-J-o ' d-La.ll JljjvjUJI j^IjJ f-Lh • 

.^20 

:3d£L4l J5U$1I 

.^I^UJIjL^^^^jL^ 

. flJJ- L l- U j I 

.cjIj^j^ 

.4_jj^j^=j diLajLiLa 

.<— il (Ti^-i^a 

. L ys\j£.y\ J>JljlL<j (_>uLjS jL^- 

:3jlJ^luLlkx4 












^ THE Diode ( <^Lul! ) Jb-^l 

LaJj£. jLlUI j-<W ^^P~ •(_, iM^—t «JI oL>«jVI I§_ £JJ)j-« £-i*£J J^lj oL>ul I§_ aJj)(} uJ ^j^slJI jLlI!' JJLJ"^ 
^1 (^LuJI (jyic Jl^>JI Jjj^ J caj LaJ_Lc t^^p- (j^Lal jl_L>iJl ^q-iuj^ .SjjL=lL! 4_ujii!L Ll>-j-<3 .SjjVI ^)J^~ 'J 

j-w Vj . ^lzji ;§_ jLui Ji>0 fj^ iiUi j^u (j^Uj^ji iju 2_ ( 0.3v)jf (jj^nji.Mti 5JU*. '4- ( 0.7v) 

lxl^J -Sj-l^U 4_u.u_(JLj LjA-JjO \j~il ^— . II .jj^— -j LaJilc jLpJI 




(100 -2)^jJ^=^i 



rTT, 



P r < N 

(101 -2)^jj^i 



P + | N- 



K 



jj^kJ! 



(102 -2)^ JL )^ 

( K ) cL^a cr^^i ( N ) ^-^ J^Hi j^\ l^j]*}\ U c Anode (A) j^l^ ^u±> 3 ( P ) 

Cathode 

. LiLL-u j-^i 1 o^—i jo-lj ^>L>ol I§_ jLlJI jIj-o| (jyic. 43jjua J! di^L^ajil 0L-.il ^l-D 4_w-&I «^.j3j 












UAu, c^L^Ji jL^= lilj (cathode) j^l^jl ^jiAX\ ^j^i\ 3 ^UiJi(Anode) j^l jL^>ji JzjL 

jL^sJI 2^ljJ2 (jj^-i" <JUJI olXJb 4-J 4j,,!^r <JU- 4- UJ^J (^UUI <jLa jL^>JI i_aljiaf ("m.^f lit La? 

.^LllII i—Sljla? ^ylc L^jJlllI (Jj=l^j 4 *jj LaJI (juiaJbj -'^^ S^'- c - 4-^jL2-4 

ljL=3 Cj\ (juiL>ijVI ^L=3 4- A uaAseJja <L«jlJL« J I (j^LjJLU j-liTuj ijL=i 'M Lj-LaLc. (j^jLlx!! j-LLt_) (jl j^— ■ <a )j 

.(j-ukLjo^M ^L=j 4- isuijj^J ^LajLiLa (_j I j-J-iuj 

4^j}Lc. u^ic jl .( 103 -2 ) aJ2j J^xAJI 4- La=3 ( Q ) ^a>Lc ^yic ^Ij^Vl JiJutla IjL^jv «^a —1 

.(104 -2 ) ^j J^Sojjb 



If 

II .UL 

1 > J] 




Sil 



It ni " m 

UL ** 


J 

w 


11 


saniua A 9 

MULTIMETER 




- 







(104 -2)^jj£^i 



(103 -2)<<^jj^ 












aJ2j J^-i Mill '£— 1 0^-1 ^^-aLal jl_L>ol Ju^jll i_alj^Lj (_)lsljX.VI ^jL»Ha jL^>- <JLsL-cL?ta ^Juus^u aJ2 — L 

.(106 -2) ( a J j^^j?( 105 -2) 



gg 


Li 








(106 -2)^jj^^ (105 -2)^jj=^ 

.(108 -2)^ J j^^ i f( 107 -2) 




(108 -2)^jj£^i 



(107 -2)^jJ^,i 












( 13 )(^J4^UAjJ>*J 



■s^c^ 



4jvjj5 cJt-uaJ Jt_p~j3 ">J->^ ?l-y 

»_oj (J-«^>- 4_«jlJL« *_a 4^*3-4 i-J»-uaJ J_p~j3 i>J->^ ^"J _ 1 

.a- U lJl I II < h~^-—i a *_a 2j_il Jul 7T>^>- ^"J^ (*-"J _ -^ 




(109 -Dfijj^A 

.cJ^ 12 ^ eJ$ia 220 / 1 10 jio j$*a o 

.^jU^^y 

.(_Pslj^.VI ^JjiILa (_>"Lj^ jL^ 

JN4007 ^^uLx, ^ o 

.ajl 220 4_ojLLa 

.oJjij 25 .iljij jj^jalOO L-^=^ 

.cu>25 ^i^ajij^jolOOO. -A^* 

.(j^jLS ji ( <— ij ^-i i >iL-u ) <jijL ju JJI j<u-ulj jL^j- 









5*^ 



. JaaJI *Lul 4-<s}L-a]l JlcIjJ2 *_u1 -1 

.( RL ) Ja*JI ^jLlaj L-il=JLl jjju (109 -2 ) p3> J^,t,tl 2_ U^= z^SI jJI <_*<=) - 2 

.( ) ^fcjiiii J^*-<-uj ( V2 ) J^jJI jl^ (j^ -3 

•( ) ^*4^i l^^-^j ( V3 ) £>>J! jl^ (j^ -4 

.2 J ^ijji^ (ai ?220( RL ) J^ji ^jLs^^^j -5 

(^j^ilj (110 -2 ) J^ mi 4- SjLiVI («-<-ujl ajV2 <>3>c.l ( <— ij^ <^JLu ) BjLiVI (<u<-ulj Lr l£. -6 

V3 
.(111 ~2 ) J^-i iiu '£— ^j3 La j<u-ujlj. 







V/div. 
























I 5/div.| 





















































































































































V2 J^ll ^ 2jLi| (110 -2 ) (*ij J^.t, 







| V/div. | 












































I S / div.| 

































































































































V3 j^jli ^ 2jLi| (111 -2 ) ^j 












.( 1 12 _ 2 ) ^J2j J^— i mi 2_ ,_£j3 La jtu-ujlj 







| V/div.| 
























| 5 / div.| 





















































































































































V3 s^IjJI £> ZjLil (112 -2 ) jOj J^.t, 

^yic -ilj^ j^^-ija 1(JU(J < rt""--! U (i^—i j *u 2jjI jJI £ys -ilj^ 3j' i ~~ ijj a 10U ( ^"^-itl ciJLflj aJ2 
.(113 -2 ) ^2j J^-i mi 4-tij^La fU-uj'j V3 CIiLJljJJI *-i-uij L ^£. *Jjl$al\ t^aj-cl fU .SjjIJlII 







| V/div.| 
























| S/div-l 





















































































































































V3 s^IjJI ^ ZjLil (113 -2 ) jOj J^.t, 












( 14 )(^J4^UAjJ>*J 



•^>^ 



4_JLaL=3 4JVJ^J J_p~jj *j-jb ?LJJ 

zx^jj (J-«^>- 4_ajlJL« *_a <La[~=> "^^ ^^P"^ *J^'-^ *"^ ~ ^ 

.a- U lJl I II < rt"^~i a x_a 2j_il Jul 7T>^>- ^"J^ (^-'-"J _ -^ 




I 



(114 -2)^jj^i 

.cJjia 12 ^ oJjia 220 / 1 10 Jio J$*a 

.c_jjL>J^y 

.(jisljjt^l JJuila (J-uLjS jL^>- 

.IN4007 ^j^iLu- ^b 2 jjlc 

.aj! 220 4_djlJL4 

.eJ^ 25 ^Ijia jj^jalOO l-^=^ 



.cJ^2 25 J>ljJ2 J 



.1000 



















■ J-q-tJI ^LiiiT 4_«>L<-a]1 JlcIjJL Ju23 -1 

.( RL ) J^>JI ^jLLaj < a^aJLI ji^ (H4 -2 ) jO> J*=-t At! 4- U== s^SI jJI ^==j -2 

.( ) 4_3tjli!1 J^e-<-uJ ( V2 ) TTJ^xJI J^>- (_y±2 ~3 

.is^ijji^fjf 220( RL ) Ja*ji ^jLs^^^j -4 
.(116 -2 ) ^j J^ mi 4- c*lP ^° ^j'j -V2 







I V/div.| 
























| 5 / div.| 





















































































































































VI J^il ^ 2jLi! (115 -2 ) ,*ij J^i 







| V/div.| 
























| 5 / div.| 





















































































































































V2 jl^^II £jS. fijLil (116 -2 ) ^j J^-. mi 












V3 cjLiVl fU-ulj Cy ig. 4-pJjiJI t^j-e.1 r<U .flj-SI jJI Cy ic Jjlj.3 j^^ja 100 LJu^all J^Ol ~6 



.(117 -2 ) a!j j^ mi 4- l£>* ^° 



(**y'j 







| V/div.| 
























| 5 / div.| 





















































































































































V3 2^1 jJI ^ 2jLi| (117 -2 ) ^j j^.t, 

^^JLc jlji j^^ja 1000 Jii^nlJ '.'^J j<u fij^ljJI jj-a l\jl°l Jij^xajH 100 Lai^U tiJLaj *^2 ~1 







| V/div.| 












































| 5/div.j 

































































































































V3 ij>\ jJI ^ 2jLi| (118 -2 ) ^j J-^i 



.43 Lai JlJcTli-uIj jjTli-u j-i IjHJ I (_)^l^i- (jA* 1 •— ^J-*-"' 

:<_,!£. Ij^La jj^" i^LJI I jui Jo^" Lajtlc 

■JjlLt-uj-lljUjl p'j-ll A^JJLA • 

■ 7-l "irt <1*= j j-ti r— i o^—i j^ Tn -uj-lljIlJI A I JlJc T li-uI • 

. J^TLt-uj-) lj.ll I ^j^>-»-*3 4_2jJ^3 <L2j_*_<a • 

/ 80 <>c. ajl Jl^JI 0.1& jLSjI 4_u_oJ J^jV (jf 

.^14 
:3Jt£L4l JjL«$JI 

■ <— 1 I J^ T Lt-U j-1 IjHj I (j-<3 p'j-ll m 






Transistors j>Lj>j!>)! 

^Jj-aj^j ( Emitter ) ^^L> ^ a ■ ,,- jjVl A^laii ^^uij ( B ) ^j^jl L^i j^j^ ( Base) 
.( C X-aj^JL <u >aj^ ( Collector) j_*^ii ^ a , „- t£>*Vl ajjsjJaJI ^jpJij ( E) ^aj^JL 

:<Jli^L^3^JI ojui j-a <jLcjJ <-dLuk J^-JJ 

.NPNj^UUpljJ 

aJ2j J""") i 8 ?! 2_ L^=3 (JN-r -JN ) (JT Jljlll (jyic <JJj-a (jt-*J <Jli!>L^3jJll oLuil £ys ptjJI Aj^Lj j-a (jj^-ilj 

.jjlcuJJl^aiJ ^lo]l j-ajJI Jl ( 87 ~2 ) ^&J3j J-^i iSJI j-ulj U^».( 86 ~2 ) 




NPN £^S jjiuajiljj 

NPN jjwplpy ^i >jJi (87 -2 ) ^j J^i (86 -2 ) ^j J==^ 

) (*^J J"^""" 1 '"' ^- I l^"" 1 ( -T -JN--T ) (jt JIjjJI (jyic 4-Uj_a (j^J (Jll^Lt-ajJll tfLului j_a f'j-lf Aj^Lj (j-a jj^Bub 
.j^LjiJJIjUJJ (jyJjUl j-^J-" (J! ( "" ~2 ) f<^j J^— i Mill j-lJuj 1 a^— i ( OO _ Z 
O 1 f | AT | P | O 




— H — * — H«— 

PNP £> > jjs-oiijj ^ 

PNPjjW^I^^^jJK 89 -2 ) ^j J^ .t, (88 -2 ) ^j j^ a 












a JlJcTh-uJ tlL!jL^3j aLc J^~ i "■ ^ '"'*l <^"y I j_jlj_S ^_ L&JljJ^jj L_jljLiVI j_i_ii=Lj ^_ jj-Lm£p lj.ll I AjLJeTn-uJj 

.4_jj_^pi=JVi j^IjjlII 4- o-°j^ ajn^ cjLjI jLsei^i 4-j Switches ?=_pi ^o^ 

^La? jLpol 4JU. £_ UjI j 2 JlcLUI — lL-cLJI ^JLaj jl 



:<3jia 4j}Lu ( i-aljlal Aj>Lj 4J ) A-uj^I^ajyi j^IjJlII 2- jji nMpljoJl (J-^J^ 

.LlJj^Ut l-^LJI S^Sb -1 

.i^=pAtl 3jlcL1!I 2j3b -2 
.Ldp.ju.tl £-*L>JI Sj^b _ 3 

4 I^i ( nl^J jj T liuJ-iIj-iII ( j^'V^ (j^~» <IJ 

.j_LLaj VI jL^>- * 

. JlJVjIIj JjILuUj\jlj_i!1 (_y£U>.L2 jL^- * 

(j^=xj 4_l>.j^5 ( JJ ) 2 JlcLSJI (jl 4_JL>. 2— ^-^"V JJ^-i-uJ-iIj-lII pjj cA' 1 *— 3>*^JI Q^""" 1 1 ' > j^ > "" a]| (J^Li. <j-aj 

.( PNP ) jji^jiipji ^ j^z^ <jl^ ( B ) sjulLUI jf iju 4.j < ( NPN ) jjiLujiUpJi ^ 

L_3jjj< (A) J^"~ I LoJI J I QJ=3 4_*_J3J ( VU _ .Z ) f£j (_L=J-lIu JN-TiN f-JJ jjja Jjij JjTn.ujj-1 IjUl I J <>»-N..l - 1 

u i^] ^yic *_<^>J,1j (>-*-l!I (jy-L^l (_,!£. l1>£.LJI lL. t p-( C-B- E) (>-c-dl (_JI jLctLiJI (j-a <L2ljla? jj^-i" 

lL lu^JI 4_ 2 JlcLUIj jLlilJI 






(90 -2)^j^ 












.Short (^1 ^JJ^*«J V tl>^po Igi^n; £>c AJ>liII jjIl^jJJIjjJI J-Li^ajj (_aljJa| JsLajLj a£ ~2 



jL^v J_ 2jijHa C^JL=3 lil ^LjitJI ^y^SeJ^ 4_lhsL>«j j jlui i}j IjHJ I (_yiirt2 £^ 



U£=.(91 -2) 

,iiLjJ i^jJI (J^LlSJI 







u.l \m 











(91 -2)^jj=^ 

<_JL-aJI (jut>Jllj ( U ) *_a^>J,l jjlu-ujjljlill <-3jJa J I c^jvjil (jai^>J,l (_^uLul1I jL^- t—alj^al ^juus^u aJ2 ~4 

.( 92 -2 ) ^j J^^i ULc s*ip ^ J^J o! 4x^j .( E ) d^UI Ji 

(j-tL>J,lj ( O ) x_<^>Jsl jjjjjiJJIjUJI <-3jJa (Jl L-JL-oJI (jjijjJLl (j)J)^"ij ^^p^i jL$->JI i_alj^3? jn^if I ~~ 5 

.( 93 -2 ) ^j j^.t, lju 2*1^ ^ j^^; of v^> •( E ) ^LJl j\ v ^jii 




(93 -2)^jj^i 



(92 -2)^jj^i 












(jai^Jslj ( D ) 2 JlcLaJI JjILjijJljIlJI <-3jia (Jl L_tJvjJLI (jai^J.1 (jj *~» J ^tPV jW^' t-flljia? jn'-lf I ~ 7 




(95 -2)^jj^i (94 -2)^ jL }^i 

i_jLjji (jji^jjj ( l^ ) *_*j>jj jjj i nj-ii^pji i_^j^3 ji (_lvjJli (j^i^iii (j^jLlsji jl^*- t—sij^ai (J-lu^^u <^k ~o 
.( 96 -2 ) ^j j^=^i ^u^^i* 2*1^ ^ J^^; jf ^>o .( B ) sjlcUH J| 

.( 97 -2 ) ^j j^.t, ULc 2 ? lj^ ^y ^^z jf ^>o .( B ) sjlcUH Ji c_o.jii 







(97 -2)^jj^^ 



(96 -2) 



c^j 












^j J^n.l, ( LTC-906A ) jL^»J! ^IjjVI I jla <>j L^M3V ^L== ^jLaJI j-lLoj^I ^jli^ 
^^ <> (NPN) jT (PNP) j^wpipJi £j^t l>^^ ^i aiti^i j^ j^i <> ^j ( 98 -2 ) 

.(98 -2)jfljii J^xAJi u«> u_^=^^ UL£ 




^UUIj jjlujijjljll]! (_yiu>-L2 jL^- ( 9o ~Z ) aJ2j J^-i mi 












(15 )(^j (9 UfijJ>4J 



"L 



.j^T'n.uj-llj.J a I JlJcTu-uU ?-LLL<3 2jJl-i 



6V 



R1 
100 Ohm 
I Vv\ L Tr 2N3053A 



(99 -2)^jj^i 



.2N3053A^j3iu^lj3Tr 

.cJ^a 6 jLj LJL 

.^jL^^y 

.(_p3ljX.VI ^Jl»H<3 (J-uL»^ jL^ 






.JaaJI *l_ul 4-<s}L-a]1 JlcIjI J^lLs — 1 

.( 99 -2 ) aIj j^ mi 4- La= 3jjI jJI J-l^jIj a^ — 2 

.QV^ JjVl 2jjl21I jJll^.Uj.M -3 

<Lag_Liill (J*-«-u f<u BJlcLaJIj i^tLJI jj!L_ujJljILll 4-j-t= jr^ iJl 4?^' <J-"^ _ 4 

4-aL-LLL!l (J^-u r«u *_<^>Jslj t^-cLJI jjIL-ujJljUJI 4-j-t= drv ^4^-" <j-"^ _ 5 

4^.0111 (_^a=-^u f*J *_<^>Jslj 2 JlcLSJI JjTu-uj-lljUjl 2—jb (j\l Jl^>JI (J-il3 _ 

jL^>JI i^ljJa J^-" <-^-ta ^^ a-aaIJI B^Lisl 

.3V Cy ic (j^JliJI «jji2Ji jji^iiij < 1.5V Cy k. JjVi «jji2Ji jji^a-a Ja-ju^j ^ -8 

4-aL-LuJI (J-a=-<-u f*J BJlcLSJIj ti^cLjJI j^TLt-u j-) IjHJ I ^-j-La £j-lj 'J L 3-?' , -J' O j± ^ ~^ 

a^lUJI (J*-«-u r<u x_«^>Jslj cu.cLl!I jjILjijjIjIIJI ^-j-t= drv J*-^>JI (j-<^ _ 1U 

4_ai-LLLll (J-a=-^u (*J *_<^>Jslj 3 JlcLSJI jjTu-uj-iljUJI £—j±2 (j\j Jl^>JI (j-u-2 _ 1 1 

So^Ul^g j r,,„- ljU -12 



: (Jr i £ - b- 5 ^ 03^2 V^' '^ VJ^' Jq^j Lojiic 

.(J^lj^.^! .SJl*IL« (J-uLjS jL^- " 

d (^aj) ,^-^j 4_*^art2 4_2j^i3J JlJvjJLI (JjMI 4_Sj^i3J (JjjLlSJI 2 j^JV I a I JlJcTli-uI A^jJLA 






^^ Zener diodes ^jj^Luf! 

.BjJlaI! 4JU^»o (^Jl^J 4-t^ajl i^-W LLlL ^ailita Jl ^-i mi? 
. Jl£j>JI Ci-uTll! j_jIjJl!I ^_ L-uL-uI AjLJgTu-uJj 

~Z )^2j (Ji=iAJI £_ TcJaj-a j_& L«-=j j-ajJL 4J j-ajj^j daS- (j^l SjLlC J>jjL=xJI ^£. 4_a^Lc Juvjjj 

.(119 



'-*" 



(119 -2)^jj- 



^jLlUI ^^-y^ 4_2j^ia (jauajjj aj! (JjjLlS-o 4 I^i ( nl^j ' JJ t.sa-<Lo jl LvjILLa (jL=3 'il J-%3 Cy 1 L)^ 1 - 56 -^ (l)^"" 1 fl J 

aj2j J"""! ifgJL ( 1 / ) aJ2j (JJij-cIJI £_ 4_ j 1 lU 2jjI Jl!I ajLJe Tn - u J (jl (j ^— i <nj . L^Vj_<Iu J^u-u (jjJ-" ( J^J-l' ) 

4_<ijja (jj^-ij (jl Cr^ 1 ' jW#^' 'klbljs I§_ l_xjjiI_L<5 J^-i 1S1J J^ju j_bj (jt^I-" (jL^ 3 '^i JljJlSlIJ ( IzU _ .Z ) 












(16 )(^j^JU6jj>*J 



.j_bj (^LiiiJI ^j^ "*•*'* 2jjI J f-Lh ~ 1 



(120 -2)^ JL ^ 



3jju2 jji^iA jL^>- 

.t-jjUJ^y 

.(jlalj^Vl .SJlslLo (J-uLj^ jL^ 

1.3w 6.2 Vj-bj^LD o 

.Ajl 220 4_ajLiLa 

■Aj! jJU=j .Z.Z <LajlJL<a 












.( 120 -2 ) ^j j^lAJI 4. u^ s^si jji ^^j -2 
jjIjJI Js^ji jl^>. jjr. ( 121 -2 ) ^j J^xui Jjj^>JI 4-^^' ck tj - u i s>^i jJI £>>■ jl£>- (j^ -4 

tjJjJi^JI t_(-i.a^> ZjJliiJI jJl<-£1/5 jL^>>. 1 La y r> Jl*j 



JS.JJI 





1 


3 


5.5 


6 


6.5 


8 


9 


10 


V 


JIJ^I 




















V 



(121 -2 ) ^j J^-. mi 



S J^M3 liU 5.5v J^jJI jl!^ -5 

$ g'n.Mt liU 6v Ji-jJi jlIc -6 



.jjljjJI ^_ 4jI fl-tj Lajj q^J LeaJI JjvjJII (J^-C i a »*aj • 

Z80 Ll^oJu fijl^ll ojla o^! (J I vj^' J^ u^ 



.^L-uLSilj (jl^JVI L-dJlita ^^uz Jl>-jjj m 

Seven segment displays ^\jJl ^_^ji ciii WajJi o^Ji cii jl*j ■ 

.(_p3ljX.VI .SJl*IL<J (J-uL»^ jL#^ " 












LEDa^j^luLJjjStt! 
LLD. y.j tiai! i±*£.Lil ^LUL i_aj_*3j y.j lialJ <jiiLiLcL j! 4_jjjjLa cjL-uI mi-^ J-**^ 4_jJj^ii^xJVI 



^jjiaii jl^^jli c ^lAI1 j-ojJi ( 123 -2 ) *ij j-^i mi ^^x^Jl jljvjII ( 122 -2 ) ^j J^m. 

4_uii=3 aJlJc Tu - u j J-&J 4_aJQjt<3 ^jIjjLj JuvI^jj^ Sj_lL<^sjI (JLiLlaJLII j_l±=3 Ju>J l^liU ?.J)tS>\\ ti*.cL(jl 4- L l T uJ 









(124 -2)^J= 



<2V (jjOja^a! Jl£so LloLj? tjLstia jj^~- ,' LaAic VI (LED ) tl^cLJI <j^s --j.^tl il^iuJj V c^Lcj 

(jjj^lj j i^i-^^Ij ^yJLgJ^-Jlj j rti^^lj j-qjv^l tjila j.^ir>\\ iiLcLJI CjLjjLjitJI (j^3 4 ^"-ica (jljJl Juvjj^j 
LED *_a ^IjIJI ^yic aj? 330 4_ajLLa Jj^sjj BjLcj .4_j3 jUI jLpJI cJlA ^yicLED B^LisI Sjui JlaIajj 

.+5V .si JlII Jl^jv (j_^=iJ LaJiic jUI jLpJI 2 Jui JjjLTtll 



ujULcoJIj shj;"^'Vi cjU^UkJIj o^L2Ji z>^i 4- ^jLiti^ ^oJijSeven segment displays 

.( 125 -2 ) aj3j j^ mi tJI ....So^ijJl 



(125 -2 ) ^j j^ mi 
.Common Cathode cdp^ <u,6* 3 \ Common Anode oIjIAa ,u^o 

t^^LuJI (_yarta 4_Sj^13 
lil >^p- (_LliiJ ) (jyjLu (_L">4 (j-« Lg-m <n (JT ji (_£.sL*JI ^Liii] ,»J^M (jjiLjJLa 4 V> i uljj (j^aaiAll <2j^la (j! 

jL^>. 4- ^-i-^LkJI tiilc cJL=3 lila c^LzlJI Jl^jII <j-«LjS IlljU. ^yic ^Ij^Vl jjmla jL^ ct^j 
<j-a jijvjll 2*Li=l J^^Ll^ ( 126 -2 ) a^j J^i mi (^Ls^l jLpoVI j-^j 4_JL>- 4- ^^ (_>l3ijx.Vl jjulIo 








( 126 -2 ) ^j J^ m, 












(17 )(^j^U6jj>*J 







R2 > R3 ^^ LED2 
22 kQ >22^ 



9V 



R4 
>470Q 



OV 



( 127 -2 ) ^j J^ ,t, 

.^jjJs JlJvj^j 2 JJlC LED 

.Ajl 470 sh3^= ^jLia 2 ^ jui R1-R4 

.aj! jjlj^—i 22 <Lujjj^3 4_ajLLo z .sj-c Kz-lv.3 

.cJ^a 16 i\jJz 3jj=ijla 47 ^Ijoj^ < ^~i^ia 2 jjlc C1-C2 

.BC108 Ji i^jii^2^j^Tr 

.aj! jjlj^—i 1 4_jj^jj^= 4_/ajLiLa Z .SJlC 

..ilji 1jjJ=lx<j 10 (yLu^i < ^"i^a 2 JiJlC 

■ ■Slj.3 IjJ^J^ lOO^Ugj^-x rtV=-.«2.SJL£. 






.^jUJ^y 
.JaaJI ^Loi i^L-JI JlcIjI *_u1 -1 

.( 127 -2 ) aIj J^xui BjJjI Jl!1 cklaita t_x^ajv <_sjLfcl!l 4_2^J (^^ic- 2j^ljJl J-t^J _ 2 

.^UUVlj fi^L^Vl fijia lI^jvVj jilj^ jjj=xxa 100 «CUjS < ^"1^ ^; C2 cJiiLi=JLI JjljI^I -4 
^UUVlj 3*L^V1 sps 4- ^=L^eHiJ tiUij R3 j R2 cjLjjLHIj <— iU'i^U 4-*-ua jjji3 2_i1a£. j>^3 -6 



Jlglu-u >jG 
.(jlslj^VI .SJlSlLc (J-uLj^ jL^ " 



:3)Lta}luUUaX« 












Thyristorj^L^liJ! 



4_ cdiij £ jjpJii jLpii j^'i-i 4- j^>*=3j j 



I j^ljj ^■i" a^^-i jjj , iij-jlii 



ju^aij ( K ) .Ujflll ^aj l^\jL\ a3M3 jji^^liUj .( 128 -2 ) ^j j^.t, (P-N-P-N) )J^ ,t, 

(Jj^sjJI 4JL>J j^rn-uj-jliiJI (Jj^clb Ja-L^ilj <jIj_JI <j\j '— '->j- a ' j*^- (3j^ AJ^J JlIcj -(vJj ^'^j-^J ( ■£*■) 

<jl J I < La j g t, I j ijl^jJI £jo ^4^-" (3>^ j»t JUui Jl*j ( _ ? TL>. (JL^JI 1 Jufc (jyic (J-iaJJ -J^La ?"Ll^i L^l^~i a ?■ J i r* 2$ 

cdL^VI jLi> ^ « , „j ^ jJlj J^jJ I <JU. 2_ jji^liJI *I_L>V ^jMJI ^jVl j^JI ^ jLU jLpJ! oa^tij 

.( 129 - z ) ^Jaj J^-i mi jjILjijjLI!! j_aj ^yL La-j^j 



G 



_J& 



^j ; 



^r 



M'c 



jjj ( i j^LLU ( _ 7 J-flil j_dj_JI ( YLy ~ L ) rft^j J^~ ' '"' jjTLi.uj.jLi.il (_4jj=j.j ( IZo _ .Z ) (C^j J^~ ' '"' 

.Jjlj^u^L sj^jlll jjj^ujjLiii] 4 <rl~Te^3 r-iLcJ (jlajJU ( 1 J (J ~L ) aj2j J^-i iSJtj 













<jl^j j i^q (<uj tiJUi Jl*j . jLiLt^iil Jl jL^sti! c^jvjJLI (juoJUj jjlLjij.jLii]l lUj^a Jl jL^sti! l_JLjiJI (jut>JLl 
£jj j| i U .Lg t, I £^c jL^sti! l_xJLjiJI (jji^JLl £jj jJjls . juLt^silj 5_j1_5_jJI £ru J^al^JI <*U intl £jj Jl»j (_,j>- La-iLJa 

.AjJLc 4-ajJ2 (_^LlSJI jL^>- (_, ta »J lilJi J-JA3 JutjuaJLl ^c jL^sti! c^jvjJ.1 ^n-vXI 




K AG 



(131 -2)^ jL }^i 



t^yic Ij-il-^ <j_^=^ Sr 1 ^' '**-* VJ^' Jo^J LaJtlc 
■ /ol J t_<jvj-a ^>>- •^4 S ? *— 'I »Ia^a " 

.7915 t_JL-u ^jS. jl4>. cj! ok; a ■ 












Voltage Regulators o^al! u ! 



Fixed Voltage Regulators c^\h ^ i^j ^Ukio 
Variable Voltage Regulators jJZa ^ L^i ^Uki^ 

.(133 ~2 ) ^j J^i mi 78 j I jla 4_tjvji I Jl4^J I CjUiila — I 




III 



(133 -2)^ jL 
.(134 -2)<*SjJi^79.... jlji^LJUJl jl*»ju 




(134 -2)^ jL )^i 






jLuJIj (j-LSJLI Jl£j>JI <L2j_*_a ,j^~ ' 1 'J 7rj.-ii.JI I g >• j jLpJ ^ * ^ * a < jib Jl>-IjHj i ~ 1 1 -^ i Jn ^ 1 1 oJui ^jLj Laic 

L=100mA, (jj^ = 1A , S=2A: j| ^^ jija*vi <> 

( _ 7 Jfc 4-u-uLt2JI A-LLSXI !^4>JI rfuilj .il JlLaVI (j-a ^^j-t-jJ LlJ 1 (jjlj^JL «LjJI jLfuj (j-L2.ll Jl^>JI La-Lu 

.(5.6.9.12.15.24V) 

fij^ljJI jl £ryv 4-' 1A Cr ^all IjLpj +5V £jj>- Jl^v CT iaJu £>>J! OjIj ^Mj Jl^v fsla-La J-&7805 

100mA ^^2? ijLuj-15V Lli2* i j^jv Utj ^jjJl c^\h Ji^h jl^v ^J^ia Cy ^ 79L 1 5 Ual^Mi 

. i j ^— ^ 
(jJL* 4-^^i t A-xJ^"i^JVI jjIjjJI 4- U^ ^^j-ajo?- ^"-^ <— '^Ap i-dLi* (j_^=xj Jl^>JI c<-u!o jJaljj> 4- 

^jJ»JI 4-J-^ 3 J^ CT-^J^'i J^"^' ^rj-^ 3 OV ^J-2 >JLJ 100 (jyJI^^ 2j-L<-u3 4_<i_jJ2 jj < ^"1^-1 a *-*i»jJ Clilji^pJI 
4JJI *.LiiJl 4_a_sLii]l (jjjLalJI 4- <— il aja-cll (jyic- <— il ^jjt-t"^ ^J-^J i— 3jj-uj 












^^ Control Relays f&ull uU }bj 

.(136 ~2 ) *^j J^ mi j^aj-lLi 





(135 -2)^ JL ^ 




(136 -2 ) ^j j^^ 

JJjlS tS-u^tLI ILaji^^aJI diL^iJjJI JljvV CT l^ljJI c^t^sjaJI o^>j-^ ( I "137 ~2 ) aJ3j J^lAJIj 
<Iii^U»JI a j rVl'q (_, nijt-ilim C-JLiiJI 4-IJls- (jyic. J-iLJ2 ^ i iijUllLa (JL^ta (Jj^-ijj ( Moll ^yjjfl^-iJI jLjUl (Jjj^aj 

J>j_3e-«-! (J^~l I J t (J il^~ I tJU (J il^— I tJlj 4 rtU a 4jvj" rt 1 1 4_<iiJjjl £■ ( i a3J 3 i (_£^ljjjj (jal^J^lljl (_>uJJ X-tia J j- U - <T u 

^j-a (jLcjj tiJLLiij <• ^ it.ij.laJI I g * i a j 1 (^^IjjJI <_>uJJ -Sjju (^^LjijJI (—ila £yC (jJj a,*~~* 1' JhP-!' f-LLail 












.^^p^zxJVl j^LulJI L^Li e^iu ^iJlj PCB it_ i Jai i^^JI ^lc o^b : JjVl 



^^-i-fclJI (JIjL^iJj Jlv^? Lvij-cJ (__>l3j.ju ( <_i _ 1 51 _ Z ) J^-i Mitlj .C>-l,uj 3 JlcLj2 (jyic C>-lu : (jy Jl!ll(j 

( .s - 1 51 - L ) J^-i ifoJLij 4_Lli^3j3 JaLiJ (j^jj < ^^IjjJl! ^^j&l lU^ma ( r _ 1 51 - L ) J^~> miILj 

( <_i _ 1 5 1 ~L ) J^— ifoJI i_£^LjjJ (J-Li^ajlJI i_3ljla? i La La -- a £ya Jijv^ijj .^^LjjJI BJlcLaJ (j^S^f i La a ■ ■• a 

CO. uMil (_>iuj oMii (_,!£. l£>^*J liMdP' ^ <j' 




(137 -2)^jj^^ 



ScjLajLSil ^\y\ ^Jl£. -3 

*Sj_«jv? (J-^Jjl Cr^-^Lh 1 Cri"*^ S^^l" i-ojLSil 4-ajJ2 ^>-^ _ 4 

:£ys (J^=xJ «L2ljlal .SJuvj ( _ 7 laJI j-«j-J' (*-"j' _ 

Jcvjll (1 

NPN j^wpi^Ji (2 



Lis^ai 


(3 


J-j^i 


(4 


(j-^j) i^n juvjJLI 


(5 


jjjj^lJiJI 


(6 


j^Tn-uj-jliijI 


(7 


PNP jji^j^i^ui 


(8 



( ) .^.M^nr jLpol ilk 4- USb jjI^ljlJI '4 r iJ^.[2}\ _ < 1^L]| U^ajjl ~1 

( ) .7805 jlj-L c-JLJI ^Jt jl4>ji ^i ,k;« <> -2 

( ) fi f 1000000 = fi fy^xJi -3 












( ) .jTLLaTJg^J I jL^>- 3 La i ul^j 4_jj^jjj=JI 4_ajLSJLI 4_<i_i2 <>*-|>^ cSj-^ 3 (J -0 "^ 

( ) .4_jjLj^=xJI i^LLaJI (jjijJelJ pOjIL-u^a £^t (JjLlC J-4 < rt"i*—ill _ 5 

( ) .^yjLj^^xJI jLlIII 3^Lj (j-0 ^-XjLj^^-iII flj-^JV^I A^LoJ 4-Ln.uJ J-A jfl'r^tl _ 

(JliLLijjaJLa 




l&JXLLoJI "ipillq .c^ifil l p.clnlll nnlnll niiiiiiq q 1 1 

gfttm >JjJaJj fcuiAtt 2UU1I 3jta¥t 



■ 



j 
I 
i 

U 

PLh 



L— )1 J r oLl^j^I I A^uusA 



PCB i^»jl £-^J SAaT'^^ ilaJ 






pcb feji ja>i tejj&p 2fei£ii 



.PCB ic^jlail jjljjJI 4jv^J x_L^a JjvIj^j ♦ 



Ai)U)l»i^J! 


yljtflSjuJI S*^ 


PCB la-ji ;^i XujjSttl :ik ^ , 


uU/Lftl A«ji IluSU uV5fli«^5fl 4JU» 




JjVluLlI 




.^j^^xJVl j^jJI ♦ 




.4-jJj^p^xJVl (jjjLdll 3 La ' 1S1 aIjlscIL-uI ^yic L_^jJil!l ♦ 




:3>U*1I 




. 4_jjj^1L^xJ V 1 jj^ajJIj 4_jjj jIL^st jJilj.S f.Lh 2jJ=l2 <L2j_*_<5 



/ 100 4j,„M SjLgll tfjLA jLSjI J} t_jjJiHI J^u <j? 

.^43 

.(_p»ljX.VI -SJl!lL<J (J-uLj^ jU^ " 



PCB 2*3! ;^i Vii^X 1 :ik ^ , 









^Ji>S^VIj>«jJI 



t_U»Ji vj^ t?^- *^U^j=wU 



y^-1.^1 



wiljLVij* 



(polar) 



^jl 



H»- 



^ 



(polar* 



r^ 



Hi— !•■ 



^jUw 


















HI- 






s^O 1 ^' f^J^ 



-X- 






^j^II f^j^ 



(inductor) 



fl ^1 J^Jj (^Uj^ij <■ _ l iV'il L 



(diodeJ^CS 






«f 



^9 <yjjG (^l ^Ijij j lJi iLjS Uj^ '^ 



^jiiijji-jt 



0>— 






^H^ 



PCB 2*3! ;^i Vii^X 1 :ik ^ , 









UbL»j^vij>»yi 









jijtVrii* 



ai>Ji 






^> 



Jm « ' Ui' 



^^ tri,U v*dj l-t~ 



r^ 



*<*> 



L£&B 









J4 









fl 







Ok**JU^f* 



fj^ j^ f ^ ; 



-s- 



c^h 



4JIJL1 J 



j jjjJ^ J "^ -j; j-^ 



pusfi-to rnakfl SW 

pusn -To-bfeah SW 

charge over SW 






^, J;>UJ j^Uj 



ptoto vo1«h; ceil 



%- 



PCB 2*3! ;^i Vii^X 1 :ik ^ , 









^jjKttlj^! 



JL— pl^^^L-1^- ^LtiOt. 


W# jjk t-ijbJI 


JljJUV) jj.. 


f-Aii- Il>.,jjl 


^J[^-l 








::~-zr 










^ 










^r-- 


» jj'lj *Ja j 

















Y 


_^ 


CH«fmo<»up# 




jLji-iiJl 44-i. 


t 


^> 


M**" ■* J 1 *) JLHJ- 




Jji.'mJI ,14--* 


Y 


-®- 








r 


H©f- 


genera w (do 




4J-L»J itiJI l^ji 


X 


^^ 


[van*trt*er>l] 






X 


^=> 






■ ■'" Jl f^Ji 


r 




FET 
TRANSISTOR 
(*CHAf#J£L 



PCB la-ji ;^i XujjSttl :ik ^ , 









^jjKttljif^! 






1^ ^ J^l 



vii>Vr j 



JJ^gW 



TRANSISTOR 
P -CHANNEL 






r*^ 



S.C.R(. J j5- u £ll) 




TPL1AC 



^J^iijl tliAJJV' ^P'-iJ 



r*-* 






pcb ~&3i yas ViW au&i 






<Lu23l uVSfl/^Vl 4JU* 



2bu$j£J¥l JJ>UUI 4laiw ^li&u/l 49k uJ)JU! 



■ajLJeTn-u-U jj-ajJI <L2j_*-aj 2jjI jJI 1 La La oc a 4_<_uljJi_> aj-Sj ^^p- ( 1 _ J ) f*^J J"^""" 1 "■ 4_jjj^L=xJVI (jjjLcjJI 
i^-po.4 LaJLAJI *_a (3^j-ll <— il"^-i tl <J^L»- (j-a £>jjL»H]| jLjIi-lj L^a I JlJcILjj I 4_2j^Ls £j-uj-> <*J-Sj ,jl <_ijjJll 




(1 -3) ^jJ^Lui 



PCB 2*3! ;^i Vii^X 1 :ik ^ , 









(18)(4;^Lm1IjJ>u1I 



^^-^tyi ^uui 



L J^lj (j-a 4-jJji^pi^xJVl j^ljjJI (Jjj^ajj ^jjl^s • 




(4 -3 ) ^j J^=^i 



ssjJLI 4-^jill 1 



• 3jJu2 jJl«^s-<3 jL^Jv 1 JJlC 

.(jlalj^.^! jiJl»IL<3 (j-uLjJa j\-&>- 

.«JaJ3 4j->1jj 

. U^L^U j! .KEY- WAY jjj^ MJ L>J a=^i 



PCB 2*3! ;^i Vii^X 1 :ik ^ , 









^j J^n.t, JjJ^>J! 4. f ISjVl «. 



■ Jj»Jl1I ^Ljjf *.Lj^=xJI jl LaS.1 (j-a 4_a!>L-<-a]l JlcIjJ2 (3^ — 1 

jjL»l1!I ilii<i Cy ic (4 -3 ) p^j J^> il Sj-jIjJI J'-^j ~2 

.(5 -3) 



1-185 
173-113 

46-black rod 
170-61-108 
109-24-19 
107-116-23 



115-62-20 

111-183 

110-182 

184-171-172-red test rod 

2-114-117 

112-45 



(5 -3 ) ^j j^=Lui 



.(J- u ^ a jIUl JLj-fl-H (jyic <_jjJlU ( h mi*—-) Jlsu 2j_iI Jul (J- l^ -i T u T u aJ2 






(<_jjjJ.I (jJj-b (j-c LajLlL^I *Cu) 2j^l-i 
.4-jJjj^p^xJVl (jjjLcl!! 4 U i mi J^lj (j-a ijJjj^^l^xJVl j^ljjJI (Jjj^ajj a^io ?c_j_<_uj3 • 



2jjl jJI jLjIi-l *uu <LLaJ Mill *-« Jj^J-l' (jJjLftlll <— il"^ £ys <_jjJlU jLli-l L-<-i-a^- 



.Sjju2 jjLt-it/J jLjJV 

.(jlstj^.^1 jiJl»IL<3 (j-uLjJa jL^jv 

■ » U> Aj-iljj 

.<_jjL>iJ <hii*i 

IjLfclJI 3 La ' iSl (jyic (Jj^J-LxJI (jyic t-JjjJU Lfcj Ll>«J <_j4 J I J (6 _ J ) Aj2j J ^— iSl 2 Jj I jJ I (_Uoj _ -2 

(3-^ *— «_u_J 1 (jJij-alUl 4_2jj^3 (jauljjj .aL^J^I 






.PCJB ic^jlail jjljjJI <jvjJ *_u^3 JjvIj^j ♦ 

■ <Lcj)jt-»tl j^ljjJI dlLv^J ^Lb 2jJ=l2 ibjJt-a 
.PCB 4-g.^Ja^a 2jj1-i *Lb • 

Z80 wd 2jUi! oj^ JLS3I J| ^jjoll J^ ji :ujlfaiUUVli$j2«* 

. L ys\j£.l\ .SJlSlLc (J-uLj^ j^-4^ " 
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pcb ~&3i yas ViW au&i 






<Lu23l uVSfl/^Vl 4JU* 



: 4_aJLUI i~«ljU^tl VH PCB 3 cj j La a 2j-il-S «i1_Ll! 
.jLjjJI jLlxlo «j-ii-S Lr^ 1 J J "** "" ^ ' 

: 5_*JLlIl (JjiaJI l£-^L> PCB ic^LLail cjjljjl pj-r^" 
■ 3jt^i iiillj pe-m^ll (JjLJ2 j_i£. *sJJ2 Lajujej_<_u_a 4J-iLc 4_»-<-uL>«J <jv_jJ (jyic PCB <Lg-j) xiaj, I SjjI jJI r<U-uJ _ 1 

.ojLdi A^btUi i^iii £* ;ll^>ui iUj-^Vi ^ijiiei^i - 2 

.ItjjlaJJ diLvjlJI 0Jl& a-<-ujJ IlsU- ff-alj^i cyJ^I t_<-mL>JI AJjieluib 2^j.U\\ CjLvjJLJI pj-y^" "3 

<JLsLa<L<Laj ^Lftjf (jL^-oJ>Jb JL>*VI *_a PCB ^LCj) j t-i a i»^] J I jLlUI jLlO fij-j'-i (Jj^slll 4_lUju <*J-Sj ^^-it 

j! ' al a *< ,Jjj (jyic PCB 4 c j j La 11 cjjljjl icLtia *u3 liDj Jlsuj < <LJLtIL>Jl 4_jJj^=l!VI j_t-al_L*JI 

jjjyi (jj^. sj^jii ( PCB k^xLaii i^ui «jjb ) ^jJi j^^^ <\^j ^tp- { j^^OU? ~ 1 

£ya X2jJaj 2l_Lai-a 2j^l jJI j-g-La3 ti*-p. (jjjbeJjl 7-jJ Cy lc £ys 4_jjj_*iaJI 4JulaJ| illjL ^J-Sj JjL^IiVlj^^ ~2 

. JjUJI L>ui Jj^ a^_$1]I ^L La! JjUJI 

(j^^JJ! ^aLteUI yijL t> a A *JI ^>Sj il^p. ^jia^-JI 4_ i^ijl £_i^3 jLj^JI I JLk 2_ t JA**JI jL#- ~3 

jj\j (^Lj^j^xJI jLp-JI (JliljLtxLa J'^— i "■" 4_j_<_uL><J i La j La a- ■* ^— i _■ "■ LujJ J^"— 1 "■"_' li^L^o 4 fc^jJaJ I 4jvjUI *.Lu 

.(7 ~3 ) ^lj J^i mi <-U^p=xJVl cj^l jJI j-^aLai 




(7 -3 ) ^j J^xui 



pcb ~&3i yas i&jbwi au&i 






<Lu23l uVSfl/^Vl 4JU* 



4-g.j) xlaJ, I 4^jl!l I2_ j-^aLlsJI (J-^3J JaLiJ J I jLJuJ .4_p~jL». i^JJ cr^ 1 ^J) .' ^ 1 1 <^^i!l lUtrica f«-<-ujl _ .Z 

.(8 -3 ^jj^.^i 




(8 -3 ) ^j J ^ mi 

(J^I jj^s 4-ajLJeTn.u.U 4_jJj^Ii^xJVl j_t^l_L*JI -iLsul jLjIc^I (j^> JL^-Vl Juu ic^jlail 4^^111 <Ut-<-ie.-3 rfu-ujl 
jvjJJI i La La se " (j^-p^ *^- *^p- ( ^ _ -J ) f*^J J^""" 1 "' ^- L«J=i.<-illj-u^-j jl ' 31 a "■ 4-3 JJ q ^ J fj-°^' ^-**jJ ' . ' J *"'"' 

.( 1U _ 3 ) Aj2j J^-l Ml '2— I H^-IJI^ll <JVjJ (jyic «L-KJ1J (Jjj2 



pcb ~&3i yas ViW au&i 






<Lu23l uVSfl/^Vl 4JU* 




*n r— s • 

*i T 

• • -J ,, 

a ? f 



(10 -3)^jj^^i (9 -3)^ jL }^i 

jLiTu-La 4 t-i inl^j L&Jlj^j (j pj| ^Lftj^?L 4^^111 Vj? (_>a-23 i^^p- <jv^UI .il JlcL I Jljj <jv^1!I dalaita (*-"-" J ^^ 

I Jul>- As^^M\ t rtjt^Ti; aJ2 tiJUi Jl*j *uiLJ -tH-* 3 * t-mil^j) 4jv^1!I (-SljJo! ^u-tlb ^J-S3 *u 4_c£.LJ 3j_iJu (_£J 

3 La i ul^gj 4jvjJJI •»■ La i u ' d ^ <3 i *->\-u3 2\ jLJ! j) Ajre-iToJI j 7-L.uj 2I .SL*_>2 j^-I ' kLaJLa m£] j) (Jjrej=L!Lj 

.A-OjtLai (_)lLc^ SjtlaJa 

(Jjl<-uL (Jjj) 4_2_h3>U1 4_Laj_<i^1 aJLscIliJ jt .( 1 1 ~3 ) ^J J^-i mi 2_ La=3 pg-m-»U JjLJ2 j_i£. (j^o-fcl? 

.(12 -3 ) ^J J^a A A^uU^JI 4^111 y 




(11 -3 ) ^j J^xui 



pcb ~&3i yas i&jbwi au&i 






<Lu23l LftfVl jSj^tfl 4JU* 



aoeoflODO ^^^ 

BBOROBBfi ^.^y^/0 

MNWH 

(12 -3 ) ^jj^Lui 

' 31 a "■ i-jlTn-u^L) JjjJ Cr^ 1 (*-"0^' (*-y ^-^tP" ' 2 JLcjlLI 4_jJj^L=xJVI jjljjJI ^_ 4_t^sL^j Jjij-LaJI J -^'"iT (j^J 
<jj-i <JLslj_a 2 JlC <Le.j j La t, I Sj_il Jul j-jj < r^~ (j^~ > <1J I J^-i-Aj .<Jj^ i uj i La l^i be 1,1 r«-<-uj ^- ^^~i-*-1j' q i -—\ <nj 

.sjjj jjjo ji^al I g <i i uj ^J\ 4jvL»JI 

aJlC ^.sLij «_a ) r j.>.tt 4_<jiLxl>JI 4j_claJI 2-iUI (j^c^o ^ail ^J^~- /*' < -N .'^ 4-lJaJI «Llc fj-Jlj -iji^J fplmJI J^ 

.(13 ~3) rfv£j J^- 1 Mill '£- \ *^—y ( jL^^aVl jJ-Sj ^j-tiaJI ^ t 4 flxLaJI oJLa> ^^iajj-iu 




(13 -3)j^j 



r j Leal! A-mL.gj»JI «-SLil L#J (_pJI 4_p-LiJI {jA -iji$J fftlj^ll (jyic 4-<-iJjj j o.il JlcL Clcj (_£ jjl i La La se 1 1 »_lo 

(14 -3)^jJ^i 



pcb ~&3i yas i&jbwi au&i 






<Lu23l uVSfl/^Vl 4JU* 




(14 -3)^jj^i 

.( 1 J -J ) aJ3j J^— i i"i Lu>23 (3^LS-^ o-"-*^ '^ ^iPdi 



1U f-^^J tiJUjj t -^J^ f*-^ j*^ 




(15 -3 )^ J( j^^i 
i^iyf jL^ iii( 16 -3 ) ^j J^-, a Zj^iai s^m 



^u^l 



_ij ju (jy^v 4_cL_u *_jj 2 jJL i=sj3lj jiLLI (JjO jUJ (jyic ^^l>o *Lcj 2_ ajj^jj^aJI 



ijjjijji 2^Ls (jjo *\j^>- 




(jr 4j 4_iaL1!I cjlil t£j3 Cr^ L)^ 3 ,^*^' "-^J- 51 ^ (*^i tjjiglMll (J^Jbta i _ys^. (J^'-i AjL^ ^Ijiitl f-^^J ^2 r<U 
( 2j_j,l_^j JlaJL (j^io-tJI 4_<-tLa^La ,»JlC *-« .( 1 7 _ -3 ) rfvJ2j J*"~ i *' 4-C-J) xLaJ, I isjJsljJI til! *■ i >i"i" j <— ij-iuTu 

■ 4^-Mflni LiIaLLa^ CjljLaS *l JlJjI 4-^><JJ 

-152- 



pcb ~&3i yas i&jbwi au&i 






<Lu23l y Vtfl j«^fl 4JU* 




(17 -3 ) ^jj^^ 



aJ2j J^-i mi j g b t, I J^LkII jLjT £-J-*^- 4-!'j^ L^L= eU! (J3^aj jf ^jlc i ( ^^jjiUcJJI *■ t-iMill (jijL>. 

.(18 -3) 




(18 -3 ) ^jj^xui 

^iljrttl al Jtielltul *.l_<jl( 19 - J ) aj2j J""-! mi 4-C-J) J t-i 1, 1 CjI^jIJI j-ii^ *2_ -ajLJeTn-u-U (jja o >JI jj ia> "m aj2 




(19 -3)^jj^i 

(jJLjlL-U^Ll £.Lcj ^_ f-JjJzjJi L-£ljU3 f.\-A (j^J JJjJ L-AjLaaJ J! (_£JljJu><JI JlJJ|jlj=J (Jj^e-txLO (j-<5 a!j^.4UU ' 91 '^»J 



pcb ~&3i yas i&jbwi au&i 






<Lu23l 0**1 jJ>|fifl 4JU* 



Jj^tcLa (J^cjjJLI jLLal jjJlj l*J Jj e^-ul lil .ilSLk «j1j^>- j-iTuTuj <_dJi j_Lc «G^? Jj^o-ull <Ji *H' iaLisl 

.(20 -3) 




(20 -3)^jj=^ 

■«-**j c^ U^h'j (21 -3 ) ^j 




(21 -3 ) pijj=±A 



.( 22 -3 ) ^j J==^ i^yji 
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pcb ~&3i yas i&jbwi au&i 






<Lu23l uVSfl/^Vl 4JU* 




3 ) ^IjJ^xui 



pcb ~&3i y* 3 i&jbwi au&i 









( 20 )(^j4 ? U6jj>*J 

.1A i^jL^j rjJJi jLpi i^Vl Jt^Jlj + 10 V £jJ>* Jl£». dj Alalia 3jJlS jji^a 2>s!-S 

.7810 <_3ljlsVl ^jMjI! Jl^jv *Ja_La atjL3elculj( ZjJaiJ ) 4±aL=j 4^v>a -J^P-J^ 2 J^^ *Li> "1 

3 cj^ La a 2jj1.S *.l_Li (jyic <— ijJlLI! _ .Z 

L Pi T1 



'SJfgS 



i 



IC1 
7810 



4* ^-_J + 



QUI 



+10V 



(23 -3 ) a£j J^xui 



.^^?1 cJj*12^cJj2j220/ 110 Jijo^i^jj** Tl o 

JN4002 jlj-k ^ j^j Ij m, ^LSLS 4 j^ Dl-4 o 

1AjL3 7810 j!jl= j^oiu Icl 

.eJ^2 25 Jl£». Jtic J-<JJtJ^ -ilji J)jj=L;LO 2200 sQsu-u (j^ljoj^ <_Ju^=uo CI 

■ .slj-a^L) 100 «Qto Lil^at^xcoi LJu^aua 2 jJlc C2-3 

.cJji 25 Jl^v Jtic J-«-«ji^ jlji j^^-ija 10 < Gju - u ^Lmj^i < <U^a a C4 

. 500mA jLp jl^Jajuj^uw Fl 

.Aj-u ID x 15 (jjjLia (J? _<_uL*J r-^J 






ON/ OFF 4nU?ti ^U! ^j^= zjzaa S 1 

.JaaJI *l_ul 4-a^LtxJI JlcIjI (Jjla — 1 
.4_jjvjL>. 4\)J (jylc ( 23 -J ) aJ2j J^~- tSi 2_. La=3 2jjI jJI i La La se a rfu-ujl — .2 

■ i^l" i n^-j jl ' 31 a "■ 4-3 JJ <jjJ-C ^-aJ^e^'-'-'J-U j_t*al_L*JI .sLsuI <L2j_*_a Jl*j (Jj-jljJI da-Laita (*-"-"_)' _ J 

■ 4j-v (drtijtl 4jui^?l ,JjJl1^3 3-La iiil^J 2jjI jJI dalaita *it~n ^J2 AjL^ ^Ijiitl ^jJ aI JiielL-ul Jiic _ 4 

.iiL^^UI iLaj_<i^l jj (j^aLi-JI j_pJI *Jb2 4-La-mtjj CT ^ubti!l rjlll (jylc Bj^ljJI cLIaita rfu-ujl ~5 

.(j^jJLJI I jijj ^ajLJeLlmXI JJUJ.I iUm\^ kcj)iU[\ AjvjiJI x_tiaj aS ~6 



4- L&^lc C-JjJuJI *u (_yJI Sj^vVlj till JjlLI LajLJeTm-La ^jjdl <-3tj-<il C^*J fijul jJI J^i-iuJ 4_jbvj^a I Jul 



pcb ~&3i y* 3 i&jbwi au&i 









( 21 ^j^UaJjj*} 

.4_jjj_tiaJI 4_ojLSJLl (jyic (J-«-*3 3j-ii-S #.1_L> _ 1 



3S 




(24 -3)^jj^i 



(u**-*"**-) 




4_jjjjls 4_ajLiLa l^DlV 

3C108^jjW^Trl 

.Ajl 5 1 4_U$Jj^3 4_aj|jLd 

.a>0)\ ^>~=> 1U 2j_LJLIa 4_ajlJLa 






.72Q Coil 6v DC / 5A 220v AC J^ 

.JaaJI *l_ul 4-<s}L-a]l JlcIjI (Jjla — 1 

.4_jjvjL>- SJ3jj ^yLl ( 24 ~3 ) aJSj J^ mi '2- La=j 3jjI jJI cLIaita (<U-ujl — 2 

■ i-jITu-u^Lj jl i_aLLi 4J9JJ (jyic. ^ajL3e!u-J»l j-t^LisJI .sLsul 4_2j_*_<j Jl»j BjjIjJI lUUt-ica rfu-ujl ~J 

.4_j^*_txualjJI 4_<_iTu 2 1 JjjJii^a 4 La i ul^gj sjJil jJI da-Lait/a » jiaj aJ2 AjLW C^ T3^ t* ^ e -*-'- u ' J^C- _ 4 

.4 r?i^^UI 4_Laj_<i^M J? (_)^L>JI j_p»JI *JL2 4 La mljj (JT jjiUti!l T^UI ^ylc (JjJiljJI i La La se a fU-ujl _ 5 

.(jlajJiJ! I JlJ 4-ajLJeTm.LU J^mi 3-La —Ij; 4,-j^.Utl 4^v^UI «_tiaj aj2 _ 6 

.(Jj jjJI 4 La I ul^J ' ; IJ-SlUl ' ; '^ *"'**'.' f*^ ~~ ' 

.4_jJ_j^=JVl j_^l_L*JI V=3J ~8 
4- L&^lc C-JjJuJI *u (_yJI Sj^vVlj till JjlLI LajLJc"L..u.a ^jJ-U j£s\jJ^\ Cjj>^ I y,\ jJI J^i-iuJ 4_jbvj^j I Jul 

4_Sjl_txul J ^ I -^ flJ I 



PCB 2*3! ;^i Vii^X 1 :ik ^ , 









1 HF 



( 22 )(^j^UaJj>«j 



I vj a I JlJc T li-uIj 1 La 1 1 uJ \ {*-—> a c >-s'-i 






TR2 BC1B4L 



560 kQ 

— VW- 



> 10 kQ -T- I"" »F 



X" 



^T--. II 



(25 -3 ) ^j Ji=^i 

.BC184L^ J3 i^l J 3 2jj^Trl-2 

.cJ$3 25 Jl£>- J-Lc (J-«-*£9 -^J-3 J)j <: — ija 1 A Tn - m ^yjl joj^= < ^"^-i a 

.£jj^ 25 Jl^jv Jiic J-<l-*JJ Jilj-2 j^^-ija 100 A T t A - m ^Ijoj^a ( ^"i^-i a 






.ajI j^j^ DO 4_jj^jj^3 4_<aj|JL<a 

.Aj! J^^ 560 <JO^J~=} 4_<aj|jL<a 

.ajl ^JU^3 12U 4_jj^jj^j 4_<aj|jL<J 

.Ajl jJU=3 1U 4_jj^Jj.^3 4_/5jlJL<a 

.Ajl jJU=3 2.2 4_jj^Jj.^3 4_4jlJL<a 

.*u-u 1U x 15 (j^jLS-a (JT JjiU»o ?-^] 

.JaaJI *I_u? 4_o}Lca]1 jlcIj! (JjL — 1 
.4_jjvjL^ iljj ^yic ( 25 _ 3 ) aSj J^ mi 2_ Lc=3 2jjI jJI iUt-i-^3 f<u-ujl — 2 

■ i-jlTn-u^Lj ji ' 31 a "■ 4-3 JJ <jjJ-C ^oJ^" ' "tl j-t^LLstJI .SLsuI <L2j_*_a Jlaj 2jjI Jl!I i La La se a («-<-ujl _ J 
• 4j-y- ,„?i'i,\\ AJt-uj^\ ,JjJl1^3 4 Ui inl^J ij-il JJ*I dalaita f .'^ aj2 AjL^ f^i*^ ?">J aI JiielL-ul Jj-C _ 4 

. l _yz>jll\ I JlJ 4-ajLJeTn.u.tl (J^L^J,! 4U ml^j ^jj La.ll 4j>^UI » jjaj aJ2 _ 
.Jj jjJ' 4 La iiil^J <_jj2!l!I L-x-iZTu aJ3 - / 






PCB la-ji ;^i XujjSttl :ik ^ , 









^L^IdJb-Vl^xi 



tlLftltllUiuVljAu?) 



^^-i— 111 Ja-lj a ^ * "I 

^Pt R^^j ,Utl 2jjI jJI p j -i ■ «aj L^J pjj (_yJI (Jj-taJI J-^3^1 ~3 

^(j^ijo-*-"!! (J^jJt-a 2_ 4-ajLJeTn.u.U (jj^jv^l (jr A La _ 4 






fi?Wi 












j^l 



]JbBA(dll(*Sj 


U*jll 




^JlHI 


3 


ajjiniujjduisjb^ii 


5 


ILijtiarihJIJjVluLlI 


5 


4-j-Lgil ^a^LmlJ aLtJI c^JljJI 


6 


4 m^V <MI AjI^jJI <— iljjua aljieTLiJ JlcIjjS 


7 


AJ13J4JI JJuJI aljieTLml 4- 4-<s}L"l!I JlcIjjS 


8 


*.Lj^=l!I j\ Laa4 (j^J 4-a^Li.iJI JlcIjJ2 


9 


^JLiJIuUJI 


10 


^Tt^ij ^5J>UI ClIjjVlj JJIaII 


17 


AlLifluLlI 


18 


^Lj^^J! jLU! gjjiT 


20 


jLli! (Jj^ajl!! jIjjo < ^jii^" 


21 


jLllU (jjjLlSJI cjI juvj 


22 


jjiyiuLii 


23 


(jjiLtill fij^jvl 


24 


(_P3ljX.VI .S JljlL<5 jL^>- 


26 


( cr cJ2jJ1 jJLlojjSjVI ) <JliL-uLJi]1 .SJuLLa jL^jv 


28 


j.aTn.u.1 1 jLpJI ^4-^ jW^ 


32 


( t-JJ^ ,i,jiuu^\ ) CjLjujJI *U-ulj jl-£». 


33 


j*»L*NuLll 


34 


fi' oi^ 


36 


ijjLij^=xJI 2jJlaJI 









4*Aia1I(42) 


t$±$\\ 


37 


j^UJIuLJ! 


38 


^v^ii 


41 


(jIjVl BjL^yl ^JLl iilui? 


43 


2bulil!*Jb^ll 


44 


JjVluLlI 


45 


fUJll 


46 


^ ujii ^ijj? 


47 


aLscUI <— il ALalLaj j-^allc 


47 


aLsJLJI <Jljlj_l^_4J (_ym\ IS*l~>- 


47 


^ UJJI ^1_^ 


51 


aLstill (jyic 4jlpr (JjjLcj 


55 


j^ljjJI <> ^u^przxJVl j^LulJI fUJ iiUl Ot^^JI CjI^JI 


58 


gMllluLlI 


60 


L^artS iijjlaj 4_jJ^p^x]Vl j^ljjJI 4- ft JLJeTu-uVI 4juLi 4^Jj;"^tVI j_t^>l_L*JI 


62 


^UjLSII 


90 


ciLa^m 


96 


luljgl^tl 


100 


Jcvjll 


110 


jjiu^l^ljl 


118 


J-^L^ 1 "^ 1 


122 


( ^jjiaJI Jl^jJ.1 ) 4_jjj_tiaJI <"»!_. '>j^"^— Nl 


127 


jjIL-uj-jl-Ui 


130 


jl^>J1 ' " ' 1 1 1^ * rt 


132 


( Jjvj-a ) CjU>Lj 


134 


4_jJLi!l fiji^yi (_,!£. SJltu? 









^^ 


2bE4iall(«2) 


UAjll 


137 


&iiiii3jb^i 


138 


JjVluL^I 


139 


4_JJJ^IL^xJ V 1 jj^JjJ 1 


143 


4_jj^pi=xJVl (jJjUlJI 4 U ; A -Jjiic."a. u l ^^JLc t_xjjjil!l 


144 


4jlor (JjjLcj 


147 


^JLiJIuLJI 


148 


PCJB ic^jlail jjljjJI Ajv^J «_L^a J^lj^s 


149 


r<u-uj-!l ^yic l_*jjJl1!1 


150 


Kc j jJaX 1 Ajvjjjl *_o*a 


152 


.^ji^^; 


154 


i^Ui^i^ 


156 


4_jLc£. (jJjLxJ 


162 


iiJliJI ij^yi ^i^. iilui! 


163 


e*wi 
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